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Day use of wilderness has largely been ignored despite reports that day use is a large and 
growing proportion of wilderness use. Yellowstone National Park is not an exception. 
While the total number of recreation visitors has increased 29 percent during the last 20 
years, the number of overnight users has decreased (22%). But few studies about this 
particular issue have been conducted. The intent of this study was to explore and gain 
some descriptive information about the amount, type and distribution of day use in the 
Tower Ranger District of Yellowstone National Park. With that purpose, data from 
mechanical counters, visual observations and GPS units were collected from two selected 
trails during the summer of 2004. Simple regressions and visual analysis of the data were 
performed in order to asses the accuracy of the mechanical counters when estimating 
number of hikers. GIS technology was used to obtain profiles of the hikers by trail, 
distance and behavior shown during their hike (whether or not they stayed on the trail).
The results of the analysis revealed that mechanical counters’ accuracy was 
dependent on the time frame, obtaining very high accuracy for time frames larger than one 
hour. There are different profiles of day hikers depending on the distance covered. 
Differences were found in range of age, speed, party size and activity. The number of 
hikers that leave the trail increased notably as distance covered increased. The profile of 
hikers that left and stayed on the trail differed in activity and group size. This study 
provides a good estimate of trail use on the Hellroaring and Slough Creek trails. However 
the accuracy of the estimates and precision of the profiles would be improved with a 
larger sample of hikers and more precise GPS receivers.
11
ACKNOWLEDGEMENTS
I would like to thank the following people, who without their help, this study would not 
have been possible. First and foremost I would like to thank my advisor, Wayne A. 
Freimund for helping and guiding me, not only in this project but during the two years 
that I have spent here in the USA. I was so lucky, I can not imagine a better advisor! 
Thanks Wayne. I would also like to thank the members of my committee, R. Neil Moisey 
and Hans R. Zuuring. Thank you for welcoming me when I stopped by your door with all 
my questions. Also, thank you Stephen McCool, for providing just the help I needed at 
the right time.
I also want to thank all the rangers from Tower Ranger Station that I had the opportunity 
to live with one summer, and particularly Collette Daigle-Berg, Tower Sub-District 
Ranger of Yellowstone NP. I am grateful to Annita Varley Director of Wilderness 
Operations at Yellowstone National Park and Ivan Kowski Yellowstone Backcountry 
Office Asst. Program Mng,. for their support and enthusiasm for this project.
Without the financial support and generosity of my sponsors in Spain “Fundacio la 
Caixa” this dream would have not being possible. A simple thank you would not be 
enough. Gracias de todo corazon!
And this section would be incomplete without thanking my family and friends for their 
love and encouragement. My fiiend Mary Nellis for helping me anytime with my English 
grammar and above all for being my friend. Finally, my heartfelt appreciation to Alex, 
for showing me his unconditional support and love during these two years. Thousands of 
danke!
Thank you to all of them.
Ill
TABLE OF CONTENTS
ABSTRACT..............................................................................................................  i
PREFACE ..............................................................................................................  ii
ACKNOWLEDGEMENTS.......................................................................................  iii
TABLE OF CONTENTS.............................................................................................  iv
LIST OF FIGURES AND TABLES..........................................................................  vi
CHAPTER ONE; INTRODUCTION........................................................................... 1
Problem B ackground....................................................................................  1
Purpose of s tu d y ................................................................................................  6
Research questions.............................................................................................  7
CHAPTER TWO: LITERATURE REVIEW AND BACKGROUND....................  9
D ay -u se ...............................................................................................................  9
The need of monitoring.......................................................................................  13
Mechanical co u n te rs ..........................................................................................  17
Geographic Information System (GIS) and Global Position System
(GPS) technologies .....................................................................................  18
CHAPTER THREE: METHODS AND ANALYSIS................................................ 21
Study L o ca tio n ...........................................................................................  21
Software and Equipment Used............................................................................  23
Mechanical cou n te rs .................................................................................  23
GPS, GIS and T opofusion........................................................................   24
Procedure ...........................................................................................................  25
Sampling D esign .................................................................   28
iv
Analysis of the research questions................................................................... 28
CHAPTER FOUR: RESULTS & DISCUSSION......................................................  59
Discussion of the research questions..................................................................  59
Limitations of this s tu d y ...............................................................................  6 8
CHAPTER FIVE: CONCLUSIONS ...................................................................... 71
Mechanical counters accuracy ......................................................................... 75
Future Research Needs .................................................................................. 77
LITERATURE CITED ................................................................................................. 78
APPENDIX I MAPS ................................................................................................. 87
APPENDIX II FORMS ................................................................................................ 8 8
APPENDIX III SAMPLE PLAN ............................................................................ 92
APPENDIX IV DEFINITION OF TERMS ...............................................................95
LIST OF FIGURES AND TABLES 
Figures
Figure 1. Correlation coefficients of mechanical counters compared to visual. . . .  32
observations obtained for each unit at different sampling periods
Figure 2. Scatterplot of the relationship between Visual Observations (VO)
and Mechanical Counts (MC) for a one hour sampling p e r io d .................... 35
Figure 3. Scatterplot of the relationship between Visual Observations (VO)
and Mechanical Counts (MC) for a one hour sampling period ..................... 36
Tables
Table 1. Total number of visitors by Gate that entered in Yellowstone
National Park during 2004............................................................................ 22
Table 2. UTM coordinates of the mechanical counter set up at
Hellroaring, Specimen Ridge and Slough Creek trails.................................... 26
Table 3. Total amount and percentage of counts per unit obtained during the
calibration period that fall into the “people not using the trail category” . . 29
Table 4. Correlation coefficients of mechanical counters compared to visual
observations obtained for each unit at different sample periods..................  31
Table 5. Regression line estimates for the relationship between Visual
Observations (VO) and Mechanical Counts (MC) for a one hour
sampling period.............................................................................................. 32
Table 6 . Regression line estimates for the relationship between Visual
Observations (VO) and Mechanical Counts (MC) for a four hour
sampling period.............................................................................................. 33
Table 7. Estimated rate of use of visitors / hour and its confidence limits at
different levels of confidence for mechanical counters ................................. 38
Table 8 . Estimated rate of use of visitors / 4 hours and its confidence limits at
different levels of confidence for mechanical counters ................................. 38
VI
Table 9 Estimated total use (visitors per season) and its confidence 
limits at different levels of confidence
(values estimated from # visitors per hour)................................................  39
Table 10. Estimated total use (visitors per season) and its confidence 
limits at different levels of confidence
(values estimated from # visitors per 4 hours)..........................................  39
Table 11. Day-use statistics by gender and age class at Hellroaring trailhead
(Summer 2004) (N = 633)............................................................................ 41
Table 12. Percentage of day-hikers groups carrying various types of recreation
equipment at Hellroaring and Slough Creek trails.......................................... 41
Table 13. Percentage of day-hikers groups distributed by Type of group
and Mode of travel, at Hellroaring and Slough Creek Trails........................... 42
Table 14. Day-use statistics by gender and age class of the routes that fall into
the one-mile polygon category at Hellroaring Trail (N = 39)..........................44
Table 15- Percentage of day-hikers groups distributed by equipment at
different Hellroaring distance zones.................................................................44
Table 16. Day-use statistics by gender and age class of the routes that fall
into the two-mile polygon category at Hellroaring Trail (N = 3 4 ) ................. 45
Table 17. Day-use statistics by gender and age class of the routes that fall
neither into the one-mile polygon category nor the two-mile 
polygon category at Hellroaring Trail (N = 61)............................................... 46
Table 18. Percentage of routes included completely in five buffer widths,
at Hellroaring and Slough Creek trails.........................................................  48
Table 19. Day-use statistics by gender and age class of those routes that
fall on (N = 6 6 ) and off (N = 6 8 ) the 240 yards buffer wide, 
at Hellroaring trail........................................................................................ 48
Table 20. Percentage of day-hikers groups distributed by equipment as they
stayed on or off the trail at Hellroaring trail..................................................... 49
Table 21. Percentage of groups that stayed on the trail by buffer width and
distance hiked, at Hellroaring and Slough Creek..............................................50
Table 22. Day-use statistics by gender and age class for Slough Creek trail
(Summer 2004) (N = 6 7 9 ) ............................................................................ 51
vii
Table 23. Percentage of day-hikers groups distributed by equipment
at different Slough Creek distance zones...........................................................53
Table 24. Day-use statistics by gender and age class of the routes that fall
into the first meadow polygon at Slough Creek Trail (N = 35)....................... 53
Table 25. Day-use statistics by gender and age class of the routes that fall
into the second meadow polygon at Slough Creek Trail (N = 6 0 ) ................. 54
Table 26. Day-use statistics by gender and age class for the routes that fall 
into either into the first meadow polygon nor the second meadow 
polygon at Slough Creek Trail (N = 25 )...........................................................55
Table 27. Day-use statistics by gender and age class for those routes that fall 
on (N =46) and off (N = 74) the 240 yards buffer wide, 
at Slough Creek trail.......................................................................................... 57
Table 28. Percentage of day-hikers groups distributed by equipment as they
stayed on or off the trail at Slough Creek trail...................................................57
V lll
- CHAPTER ONE - 
INTRODUCTION 
Problem Background
Since the creation of the first National Park, managers have been challenged by 
questions arising as a result of discrepancies between their mandates and reality: mandates 
being the interpretation of laws and regulations such as the Wilderness Act, and reality 
being the consequences of the interpretation and implementation of day-to-day 
management. The vagueness of the terms used in these acts leave room for different 
interpretations, an example being the “outstanding opportunities for solitude” as stated in 
the Wilderness Act.
Since 1950 recreation use of wilderness has continued increasing. Just in 
Yellowstone National Park, the number of visitors has increased 29 percent during the last 
20 years (National Park Service Public Use Statistics Office). While we know how many 
people enter, we do not know where they go or whether they experience what they came 
for.
The management of issues like solitude, desirable wilderness experiences, or the 
placement of use limitations all present several challenges. The lack of an adequate 
framework for deliberation and decision-making about wilderness policies raises some 
questions in terms of operations and implementation. Neither managers nor scholars can 
reach a general agreement regarding how wilderness should be managed. For example, it 
is still a topic of discussion whether managers should attempt to meet the strict historic
definitions of solitude, or to the contrary, if they should allow the definition of solitude 
(and other experiences) to evolve over time is still debated (Hall 2000).
Another issue is at what scale solitude should be implemented. While a traditional 
“purist” may believe that all wilderness should be managed so that the quality of 
conditions (including opportunities for solitude) does not decline at all over time, other 
wilderness advocates state that solitude is only one desirable quality of a wilderness 
experience, and it is not always expected. For that reason solitude may not need to be 
provided everywhere at all times (Freimund and Cole 2000).
Decision-making is not only deterred by multiple interpretations, but also from the 
lack of tools that provide managers with adequate information. By using the term 
“informed judgment,” Manning et. al. (1999) draws attention to the fact that in making 
decisions about appropriate use levels, managers must reconcile numerous and often 
contested human values. In order to deal with the issue of recreational carrying capacity 
in wilderness, in 1985 the U.S Forest Service published the Limits of Acceptable Change 
(LAC) planning and management fimnework. Such a framework marked movement from 
managing numbers of people to managing setting quality. The LAC process provides a 
technical framework within which to make use density decisions (Stankey and others 
1985). When conditions do not comply with standards, management actions are needed to 
bring those conditions back into compliance with standards (Freimund and Cole 2000). 
The LAC framework has also been used to manage for solitude, generally implemented as 
encounter levels.
Hollenhorst and Jones (2000) disagree with the use of the LAC framework to define 
solitude. They state that solitude is a complex construct that is deeply internal to the 
wilderness visitor, so an LAC process would not be the most suitable. Despite the
existence of such technical frameworks, defining the parameters of a universally 
acceptable solitude experience and setting standards still remains a challenge to managers. 
In an environment in which wilderness managers readily admit that they do not or can not 
establish a canying capacity, and few monitor for use levels or experience attributes 
(Marion and others 1993; Washbume and Cole 1983). So intuition, rather than science, 
forms the basis for establishing quotas.
Monitoring recreation lands is a recognized form of planning and management. As 
an important part of any planning process, monitoring recreation resources is necessary 
since conditions change over time. As a result of these changes, managers must adapt 
policies to meet administrative mandates (Bristow and others 1988). The necessity of 
monitoring has been expressed by scholars. Stephen F. McCool (1996) states, 
“Monitoring is essential to professional management. Monitoring, in an informal sense, 
has historically been a component of the protected area manager’s job.” Monitoring is 
important in setting and maintaining standards, as well as understanding environmental 
and social impacts (Baily and others 2003). The USD A Forest Service national workshop 
on recreation asserted in its PUBLICATION (citation) that “monitoring recreation use and 
visitor satisfaction is critical in determining if recreation management strategies are 
having the desired results.”
Since the publication of the LAC framework, several planning and management 
frameworks have been developed to address canying capacity. Included among them are 
the National Parks and Conservation Association Visitor Impact Management (VIM) 
process, the Parks Canada Management Process for Visitor Activities (known as VAMP), 
and the Park Service Visitor Experience and Resource Protection process (VERP). While 
each framework includes refinements to suit individual agency missions, policies, and
procedures, all of the frameworks share a common set of elements. Among these 
elements is the formulation of monitoring techniques to determine if and when 
management action must be taken to keep conditions within standards (McCool 2002).
According to Barrow (undated), after the concepts of recreational carrying capacity 
and the Limits of Acceptable change, the latest thinking is related to the concept of 
sustainability. Sustainability places considerable emphasis on measuring progress toward 
agreed goals through the identification of indicators and the regular monitoring of them. 
Barrow points out that there is a lack of monitoring, which is necessary in order to apply 
these (or any) frameworks: “ ...there has been no consistent monitoring of anything that 
anyone has agreed is a measure of change. Mention the words ‘monitoring’ or 
‘evaluation’ and everyone runs a mile!”
Day use of wilderness has largely been ignored despite reports that day use is a large 
and growing proportion of wilderness use. In fact, day users may be creating more 
problems than overnight users (Roggenbuck and others 1994). The authors of these 
reports suggest that day users should no longer be neglected. Due to the fact that impact 
caused by day-use visitors is no longer considered minimal, the number of visitors the 
park attracts is no longer an adequate parameter to base decisions upon. National Park 
managers are beginning to show a specific interest in patterns of spatial distribution of 
visitor-day use, since not only the total amount of visitors but also the concentration of 
visitor-use in certain areas is an important factor that contributes to the aforementioned 
impact.
Day use visitation is a relatively new topic in the discussion about solitude. 
Crowding has increased greatly at some popular wilderness destinations. Concern about 
day-users and their impacts, typically unmanaged in the past, has also increased
(Freimund and Cole 2000). Researchers and managers alike have generally not 
considered day users to be a threat to wilderness values. As Hall (2000) stated, “we seem 
almost to have a collective blind spot in this regard.”
Although day use has increased much more than overnight use, until recently use 
limitation systems focused exclusively on overnight users only. Few limits on day-use are 
already in place (Hall and Shelby 1998; Marion and others 1993). However, in several 
recent planning efforts initiated by the Forest Service for wilderness areas in the Pacific 
Northwest, such as in the Mount Hood and Alpine Lakes Wildernesses, suggestions that 
day use be more tightly restricted in high-use locations have proven highly controversial. 
The obvious need to know more about day use in wilderness destinations is explained by 
Cole (2001). He argues that day users are significant clientele in wilderness, despite 
relatively sparse, rigorously collected data. However, few (if any) managers of 
wildernesses routinely collect the data that would provide accurate assessments of the 
amount of day use. Yellowstone is not an exception. While the Park Service reports 
relatively accurate estimates of overnight backcountry use (collected from permit data), 
no reports about day use of the backcountry have been provided (National Park Service 
Public Use Statistics Office).
Day users and their impacts should be managed to the same degree, and for the same 
reasons as overnight users (Papenfuse and others 2000). Total use of wilderness has 
increased by as much as 100 percent in recent years, of which 85 percent of the visitors 
are day users. In comparison, overnight use has actually declined (Mt. Hood National 
Forest 2000). Substantial evidence shows that day use of wilderness is increasing more 
rapidly than overnight use, but estimates of the magnitude of difference are unreliable 
given the limitations of available data (Cole 2001).
With regard to total use, Yellowstone National Park follows the same dynamic 
mentioned above. The total number of recreation visitors has increased 29 percent during 
the last 20 years. This tendency, though still growing, has slightly slowed during the last 
eight years. On the other hand, the number of overnight users (collected from number of 
backcountry permits handed out) has not increased at the same level, on the contrary, 
there are 2 2  percent less backcountry overnight users than 2 0  years ago.
A new question is arising about the necessity of different management policies, such 
as use limits, depending on the users’ length of stay. To develop those policies, however 
it is necessary to know more about the subjects to be managed, namely day users. In any 
case, before moving to new management policies possibly having unknown 
consequences, the failure or success of other policies must be investigated and how those 
policies could be improved.
Purpose of study
The purpose of this study is to describe the amount, type and distribution of day 
use in the Tower Ranger District of Yellowstone National Park. That inventory will be 
used to assess various protocols for monitoring day use. This was achieved by assessing 
the relative merits of; 1) personal observations, 2) trail counters and 3) GIS in the Slough 
Creek sub-region of Yellowstone National Park.
Research questions
No studies have been conducted to determine the amount, type and distribution of 
day use in the Tower Ranger District of Yellowstone National Park (YNP). In order to 
make this study as useful as possible for the managers of YNP, first, they were asked what 
kind of information would be useful to them. The amount of use and the use of 
mechanical counters in estimating this amount were their main requests. Due to the 
exploratory nature of this study, new technologies related to the acquisition of day use 
data were investigated.
Combining both interests, managerial and investigative, the following research 
questions were formulated:
Qi: What is the amount of use on the Hellroaring, Specimen Ridge and Slough 
Creek trails?
Q2 '. What is the effectiveness of mechanical counters when estimating amount of 
use on the two selected trails?
Q3 : What is the general profile of the day-hiker at Hellroaring and Slough Creek 
trailheads?
Q4 : Does the general profile of the day-hiker change depending on the distance 
travelled along the Hellroaring and Slough Creek trails?
Qs: What percentage of day-hikers stay on the official trails marked by the National 
Park Service at Hellroaring and Slough Creek trails? Does the profile of those 
who leave the trail differ fi-om those who do not? Is GIS and GPS technology 
accurate enough to capture this phenomena?
These questions will be addressed in this thesis. Specifically in chapter II, the 
literature pertaining to the concepts of day-use is explored and, the need for monitoring, 
mechanical counters, and Geographic Information System (GIS) and Global Position 
System (GPS) technologies is presented. The methods are described in chapter III, 
including the location of study, procedures, software and equipment utilized and sampling 
design that was used to answer the questions posed. An analysis of the research questions 
is also provided in this chapter. The discussion of the results obtained is presented in 
chapter IV. The last chapter draws the conclusions obtained from this exploratory study 
and suggests some future research that can be done regarding day-use monitoring.
-CHAPTER TWO- 
LITERATURE REVIEW AND BACKGROUND
The purpose of this chapter is to provide the necessary background for this study. 
The first two sections review relevant literature pertaining to the conceptual framework of 
this study: day-use, its increment during recent decades and how the concept of ‘day-use’ 
has evolved over time. The following section explores the reasons for monitoring and 
exposes the lack of monitoring as one of the reasons for the failure of the application of 
several frameworks such as Limits of acceptable change. The third and fourth sections 
deal with the equipment and software used in this study. The third section is a review of 
studies conducted with mechanical counters. Finally, the fourth section explores 
Geographic Information System (GIS) and the Global Position System (GPS) 
technologies, and how complementary these technologies are and the multiple ways that 
they can be utilized to the field of recreation management.
Day-use
Due to changes in the amount of leisure time, increased affluence and advances in 
mobility, recreational use of wildernesses increased exponentially during the 1950s and 
1960s. Because wilderness was mandated to be managed at the most primitive end of the 
spectrum of public lands, managers and researchers feared that increased use would 
compromise the goals of naturalness and primitive experiences of solitude that were 
mandated by the Wilderness Act (Hall 2000). As a reaction to this increase in use, some 
wilderness areas began limiting recreation use by the early 1970s. The use of limits was
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usually twofold: ( 1 ) to help prevent deterioration of biophysical resources and (2 ) to help 
maintain the unique quality of the wilderness experience, especially solitude (Hall 2000).
It was not long before the first arguments against use limitations appeared from 
recreation researchers. They suggested fiirther investigation before the widespread 
implementation of use limits. According to Hendee and others (1990), use limits should 
be applied only as “a last resort after every other appropriate approach as been 
exhausted”. The reasons were many. Not only was it not known whether the limits 
would be able to achieve the goals for which they were created, but also if their 
application might cause some undesirable consequences. Many studies have shown the 
inefficiency of the use of limits (McCool 2000, Cole and others 1997, Hall 2000, Lime 
and Stankey, 1971).
A shift in thinking about the need for and the purpose of use limits began in the 
1980s. The change was brought by a decrease in the growth of wilderness use along with 
the numerous findings regarding recreational use that advised against the use of limits. In 
1985, the U.S Forest Service published the Limits of Acceptable Change (LAC) in 
response to a growing recognition in the U.S. that attempts to define and implement 
recreational carrying capacities for national park and wilderness protected areas were both 
excessively reductionistic and failing (McCool 1996). This new approach took into 
account not only the biophysical component but the social element of the carrying 
capacity which deals with the type and quality of experience visitors received during their 
visit. By the late 1990s however, use levels had again risen and questions about declining 
experience quality and loss of naturalness were again common (Cole 1996).
Today’s discussions about use limits have changed slightly. In particular, the issue 
of solitude, and the role of day users and their effect on solitude is more central than in
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the past. Traditionally, use limits were imposed only on overnight visitors, however 
when limits are considered for the purpose of ensuring solitude, there seems no a priori 
reason to exclude day users. No studies, however, have been conducted exploring the 
possible consequences of the application of limits on day-users.
The relevance of visitor-day use and the need to develop specific policies in order to 
manage its impact, has already been stated by Freimund and Cole (2000). Hall (2000) 
takes this a step further, noting that there is a gap in knowledge regarding the use of 
limits in wilderness, especially related to day visitors. The issue of limiting day use raises 
a number of practical concerns. Although data are sparse, it appears that visitors do not 
support limits on day use to the extent that they support limits on overnight use. Findings 
suggest that managers may face serious opposition if they attempted to impose limits on 
numbers of day users, at least for social reasons (Watson 1993, Bultena, and others 
1981). Similarly, Hall (2000) states that visitors are unwilling to sacrifice their access to 
experiences for managerially-defined solitude on day trips.
Currently, managers have many more tools available to them and have begun to 
recognize that in some cases these tools may be more effective or acceptable than use 
limits. Nevertheless, as use -  especially day use -  continues to rise, some managers have 
felt that the only tool that can effectively ensure opportunities for solitude is a limit on use 
(Hall 2000). However, the foundations of use limits have not been sufficiently well 
articulated or defended. More research is still needed for a clearer understanding of the 
effect of rising use levels on social conditions and on the experiences of visitors who have 
different motivations for their trips.
The literature regarding day use is not very extensive. Few studies about this 
particular issue have been conducted. Burde and Daum (1990) reported select
11
characteristics of day users in the backcountry of Great Smoky Mountains National Park. 
They found that day users were satisfied with their hike. They were similar to 
backpackers in terms of group size but were typically older, more likely to be a child 
and/or female, more likely to be a part of a family group, and a repeat visitor. Manning 
and others (1999) conducted a much more extensive survey of day users to the 
backcountry at Grand Canyon National Park. They report the socio-demographics and 
experience level of day hikers, as well as their preparedness, information sources, trip 
characteristics, experience, perceptions and evaluations of crowding, and attitude toward 
management. User and trip characteristics were highly variable, but most day hikes were 
2 to 5 miles long, lasting 2 to 4 hours, and most hiking groups consisted of two to three 
family members. Compared to the overall U.S. population, the typical day hiker is more 
likely to be older, male, fi’om a large urban area, highly educated, and financially well off. 
These same characteristics were found for overnight users. Cole (2001) took existing data 
sets between 1982 and 1990, fi’om day and overnight visitors, to seven wildernesses 
located in different parts of the country. He described the trip and visitor characteristics, 
evaluations, and preferences of day users in wilderness by contrasting them with 
overnight users.
Sometimes the results obtained fi'om these studies differ depending on what 
wilderness the study was earned out on. For example, in a study cmrried out in three 
wildernesses in North Carolina, Roggenbuck and others (1979) found that day users were 
often less likely to consider litter and crowding a problem, somewhat more tolerant of 
encountering more people, and less supportive of controlling use. By contrast, in a study 
conducted in the Bob Marshall Wilderness complex, Yang (1986) found that day users 
were more supportive of certain use restrictions.
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Day use is still poorly understood» more studies about the possible eonsequences 
due to the implementation of different management techniques are needed.
The need for monitoring
Since 1985 when the U.S Forest Service published the Limits of Acceptable Change 
(LAC), LAC has been the framework used by most of the U.S. wildernesses to manage 
issues as controversial as carrying capacity or solitude. But how has the implementation 
of the LAC framework worked? Has the LAC framework dealt with the problem of 
carrying capacity? When researchers have conclude that the LAC fiamework failed in its 
implementation (McCool 1996, Masters and others 2002, Bosselman, and others 1999), a 
lack of monitoring has been stated as a contributing reason.
Monitoring is defined as the periodic and systematic measurement of key indicators 
of biophysical and social conditions. It performs two major functions. First, it allows 
managers to maintain a formal record of biophysical and social conditions over time. In 
serving this function, data points can inform managers of changes in these conditions 
rather than relying solely on informal perceptions of changes that might have occurred. 
Second, it helps assess the effectiveness of management actions. Thus, monitoring helps 
managers understand, in a relatively objective way, whether the action has addressed the 
problem (McCool 1996).
Another definition for monitoring is the one given by Machlis (1996) who defines 
monitoring as the regular measurement of factors relevant to management actions and 
objectives, Landres and others (1994) stated three primary purposes for all wilderness 
monitoring: ( 1 ) to improve wilderness management; (2 ) to improve the acquisition and
13
use of knowledge from wilderness; and (3) to improve assessment of the status and trends 
of the National Wilderness Preservation System (NWPS).
For close to a century, park and protected area administrators have struggled to 
monitor and appropriately manage recreation use. Cole (2004) points out two primary 
challenges that managers have faced when management effectiveness is challenged. First, 
the chronic lack of staff, funding and resources. He blames politicians, claiming that they 
either do not understand that designation of a protected area does in and of itself does not 
result in protection, or they do not care enough to allocate sufficient resources to ensure 
that protection occurs. The second barrier to effective monitoring and management is 
insufficient information and knowledge. He argues that scientists have joined with 
protected area managers to confront this barrier.
However Cole is not the only one that finds a lack of funding to be a problem for a 
successful monitoring plan (Masters and others 2002, Bristow and others 1988). Bristow 
argues that planning models such as LAC or QUAL, where a monitoring plan is necessary 
for its implementation, are inherently dependent on paid personnel, something becoming 
scarce on public recreation lands. As a possible solution to this problem, Bristow and 
others (1998) proposes the collaboration of volunteers to do the monitoring tasks, in this 
way getting the public involved in the management of public lands. He lists as an 
example the monitoring program carried out at the Appalachian National Scenic Trail, 
commonly known as AT where volunteers are the ones who perform the collecting of the 
data. He points out the benefits obtained from this partnership: savings of public tax 
dollars, strengthening the bond between public and private agencies, providing an 
opportunity for all parties to better understand the needs and issues related to protecting 
our natural resources, and the satisfaction that a person gets by bushwhacking in the
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woods, knowing that they can have fim, exercise and yet still help protect the Appalachian 
Trail.
Committing resources to long-term monitoring of the environment and of visitors 
has proved a difficult thing to achieve for many organizations. It requires a long-term 
investment and vision, and when resources are stretched this can seem a luxury that 
cannot be afforded. Shortfalls in resources have often resulted in managers taking an ad 
hoc approach to site management, rather than planning for future needs and planning for 
pre-emptive approaches. In the long term, more proactive and pre-emptive approaches 
may be less costly in financial and manpower terms than responding to issues in an ad hoc 
reactive maimer.
Eagles (1997) points out the need for stakeholder support for the monitoring system. 
This support is necessary for two main reasons. First, the measurement of many aspects 
of the use of protected areas will usually require the cooperation of stakeholders either in 
providing access to visitors, or through conducting the data collection themselves. 
Second, stakeholders have to believe that the system is sound and equitable and that they 
understand how the information gathered will be used to support management decisions. 
The basis for good monitoring is that it has to be inexpensive and based on simple 
indicators. Monitoring techniques must be simple and effective, and it must trigger a 
management response and be specifically linked to the visitor management objectives and 
standards (Masters and others 2002).
Several studies have been conducted about the necessity of monitoring. Martin 
(1989) outlines a seven-step process to help managers develop an experimental 
monitoring program; (I) understand the rationale for monitoring; (2) review what has 
been done by others; (3) decide what to monitor; (4) determine how to monitor; (5) know
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what to do with the data before they are collected (6 ) implement monitoring; and (7) use 
the information. Watson (1990) discusses the reasons for monitoring use levels, user 
trends and the quality of recreation experiences. General reasons for monitoring use 
levels and use trends include: ( 1 ) increase accuracy of legislatively mandated demand 
projections and meet National Forest Management Act regulations; (2) facilitate 
specification of feasible objectives and selection of management objectives to achieve 
them; and (3) give more credibility to requests for funding of management programs.
In another study, Watson and others (1998) improved the understanding of 
encounter monitoring methods; first, providing estimates of encounter rates by various 
methods; second, determining the relationship between the various measures of encounter 
rates; and third, determining the relationship between various indirect predictors of 
encounter rates and actual encounter rates. Landres and others (1994) proposed a method 
for implementing a national monitoring program whereby managers develop initial 
recommendations, scientists summarize existing knowledge and identify gaps, and each 
group revises their input in an iterative process. Each iteration provides the opportunity to 
review successes and failures and incorporate the newest information.
Science plays an important part in providing powerful tools for monitoring 
recreation use and impacts. Scientists, using their analytical and research design skills, 
can provide reliable protocols to maximize efficiency (Cole 2004). For example, varied 
techniques are available for collecting different types of information on visitors and their 
recreational visits (Watson and others 2000). New innovations, for example the use of 
GIS technology, are constantly being developed that improve and complement existing 
technologies (Cessford and Muhar 2004). Improved sampling designs have resulted in 
increasing efficiency as well as contributing to a better interpretation of results,
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particularly in regard to characterizing precision at various spatial scales (English and 
others 2004). Scientists can also develop knowledge about phenomena that occur at 
spatial and/or temporal scales outside human sensory and perceptual capabilities. (Hall 
2004)
According to Masters (2002), broadly speaking, two key elements are monitored: 
visitors’ impacts (i.e. the state of the resource), and visitors’ experience. Within this, four 
individual parameters may need to be monitored: (1) levels of visitor use, (2) visitor 
activities, (3) visitor experience, and (4) visitor impacts/the state of the resource. This 
thesis concentrates on levels of visitor use and visitor activities as an aid to recreation 
management and planning.
Mechanical counters
Watson and others (1998) studied the estimates of encounter rates through the use of 
several monitoring methods. One of the methods used in this study was mechanical 
counters. They arrive at the conclusion that mechanical counters can be an efficient 
method of monitoring encounter level for relatively high use trail segments and 
destinations. However, as use declines (because of moving deeper into the wilderness, or 
possibly other reasons such as access, remoteness of trailhead location, etc.). The ability 
of mechanical counters to predict encounters decreases. These low use places may 
require other monitoring techniques, for example self-issued diaries, ranger/volunteer 
monitoring techniques, or perhaps simulation models.
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Geographic Information System (GIS) and Global Position System (GPS) 
technologies
Although GPS and GIS have practically developed in isolation, they seem made for 
each other. GPS equipment determines the location of features with great precision, 
quickly and inexpensively. But simply knowing the precise location of features may be 
not very helpful. Location, no matter how precisely specified, is sterile in and of itself 
unless that knowledge is linked to a system of reference (e.g. a map or a chart). This is 
were GIS technology comes into play, linking dynamically non spatial data about real- 
world objects to locations on a digital map. Furthermore, GPS has a special feature to 
link and store contextual information to the locations including the date and time at what 
those points were taken, which immensely enriches the value of locational information. 
GPS offers immense potential when it is integrated with a robust geographic information 
system that can provide context and empirical meanings (Abler 1993).
Prior to 1800 geographers were preoccupied with determining the location of 
features. Thereafter they shifted their attention to understanding and explaining why 
phenomena varied from place to place: geographic variations in the occurrence of the 
phenomena, the causes of those variations, and how phenomena at one place affected 
phenomena at other places. Now, with the help of GPS/GIS technology, this study of the 
phenomena is possible. Thanks to the GPS/GIS capabilities for dating all observations 
and for capturing data easily and quickly, the interval between database acquisition or 
creation and map updates have shortened which allows the study of short-lived 
phenomena.
Alison Brown stated that “GPS is very synergistic with GIS” (Stutheit 1991). This 
is not far fi-om the truth. GPS and GIS accelerate each other’s development. Global
18
positioning systems offer considerable intrinsic value as navigational, tracking, and 
surveying technologies. But they also greatly increase the utility of GIS databases. In 
turn, the value that GPS adds to GIS data increases the demand for GPS.
Software that links GPS and GIS makes it possible to overcome the data entry 
barrier that has heretofore hampered the adoption of GIS in government and industry 
(Abler 1993). Along with remote sensing, GPS is a promising technology for quicker and 
more accurate data collection. GPS promises a level of speed and accuracy over wide 
areas of coverage, unavailable with traditional GIS data-input methods (Ebker 1992). 
Automated entry of spatially referenced data, from probes that yield continuous output, 
offers fiirther opportunities to capture large amounts of data at costs that are sharply lower 
than those to which we are accustomed.
There have been many contributions of both technologies to different fields of 
science such as aerial photography and study of the atmosphere (Hothem 1991, GPS in 
space 1992). Regarding recreation management, the use of both technologies has gone 
largely unnoticed.
Increasingly GIS technology is being used to explore complex multisectoral 
resource problems (Lang 1998) such as modeling wildlife behavior in disturbed 
landscapes (Rechel 1992) and ecosystems in general outdoor recreation is ftindamentally a 
land use (Wall 1989) and by and large occurs in parks and other protected areas. GIS 
technology can be applied in a variety of fields and has many potential uses (Maguire and 
others 1991). GIS’s strengths lie in its utility for spatial decision making, particularly 
where multiple stakeholders are involved (Jankowski 2001). Outdoor recreation managers 
are fi’equently faced with problems that deal with these issues. However, to date, the 
potential application of GIS to recreation management has not been realized. Although
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widely used by the U.S. Forest Service and other federal agencies, the adoption of GIS 
technology has been slow among state and local park and recreation ageneies. The major 
reasons are the lack of funding and uncoordinated and ad hoc data collection procedures 
(Nedovic-Budic and others 1999). Although some wilderness managers are familiar with 
and routinely use GIS, there have been only a few published accounts showing how GIS 
could be used to improve visitor management. Kliskey (1994) used GIS to explore how 
visitor perceptions varied from one area to another. Gimblett and others (2001) combined 
GIS and simulation techniques to examine how alternative trail systems would affect use 
by different groups, and the resulting potential conflicts among these groups. Campbell 
(2003) used GIS to examine 100 years of channel change in the lower Bow River in Banff 
National Park, Alberta and applied the results to understanding the problem of strainers, 
reereational use, public safety, and ecological integrity in the lower Bow River. Page and 
others (1996) used GIS to depict the effect of increasing visitor numbers on trail use in 
Banff National Park. Harris and others (1995) developed a GIS model in an effort to 
understand eonflicts between recreationists and sensitive wildlife.
The low use of GIS and GPS could be due to the high costs that these technologies 
formerly had, and the need of personnel edueated in these technologies. Nowadays, these 
technologies are more accessible and affordable, becoming a potentially usefiil tool in 
recreation management.
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-CHAPTER THREE- 
METHODS AND ANALYSIS
In this chapter the methods used for the study and types of analyses to answer the 
research questions are described. The chapter begins with a description of the place 
where this study took place (Tower district), and the selected three trail systems 
(Hellroaring, Specimen Ridge and Slough Creek trails). The next section describes the 
specifications of the equipment and software used in the study. Following, the procedures 
carried out for the data collection are described. This section explains the set up of the 
mechanical counters based on suggestions from the literature. Further, the section 
continues by explaining the recollection of GPS data. The third section describes the 
sampling design that was developed in order to collect the data necessary to carry out the 
study. The chapter concludes with the statistics and other analyses carried out to analyze 
the study questions presented in chapter 1.
Study location
This study took place at the Tower Ranger district in Yellowstone National Park. 
This district is located in the northeast part of the Park (see map 1, Appendix 1). The 
Tower District has no visitor center, museum, or formal interpretive contact stations. 
Three ranger stations oversee its operation. These are located at Tower Junction, the 
Lamar Buffalo Ranch, and the Northeast Entrance.
There is no data regarding day-use for any of the Yellowstone National Park’s 
districts. The number of visitors that each entrance registers provides an estimate of the
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amount of use that each district receives (Table 1, National Park Service Public Use 
Statistics Office). The Northeast Gate, closest to the Tower District, is the one that 
receives least use in the park. The entrance that receives the most use is the West Gate, 
which is closest to Old Faithful.
Table 1. Total number of visitors by gate that entered in Yellowstone National Park 
during 2004
ENTRANCE TOTAL NUMBER OF VISITORS
North Gate 519,886
Northeast Gate 200,615
West Gate 1,181,822
South Gate 678,871
East Gate________________________________ 306,338
This part of the Park is not very crowded, due in part to the lack of thermal features, 
when compared to other areas (e.g. Old faithful. Mammoth). Wildlife is abundant since 
dear, bears and wolves are commonly sighted species. Due to the characteristics of a 
wide-open valley that Lamar offers, extensive buffalos herds habitually use this area.
There are many archaeological sites in the Tower District. In fact, sites are found in 
a greater density here than in most other areas of the park. Unfortunately, most have yet 
to be extensively catalogued or studied.
The day-hikes established at the Tower District and recommended by the Ranger 
Stations are: Lost Lake, Garnet Hill, Hellroaring, Specimen Ridge, Slough Creek and Mt. 
Washburn. Due to the lack of personal and the limited number of GPS units available for 
the study, the first and second research questions were studied for Hellroaring, Specimen 
Ridge and Slough Creek trails. The rest of the research questions were analyzed only for
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Hellroaring and Slough Creek trails. Map 2 shows the location of the trails in the Park 
(Appendix I).
Software and Equipment Used
A) Mechanical counters
Photoelectric counters were used to collect the data for this study, the model 
TrailMaster® in particular. Photoelectric counters consist of a scanner that emits an 
infrared beam, and a reflector that returns the beam to the scanner. The counter is 
advanced when the beam is interrupted (active infrared detection). Counts, date and time 
to the minute can be recorded. Group counts can be registered if counters have a 
programmable delay that can be set to avoid multiple counts from one group.
Data obtained from mechanical counters are restricted to individual or group counts, 
and the location and extent of use during a specified time period (between counter 
readings). However, when combined with visual observations, data can be obtained for 
group size, method of travel, approximate length of stay (overnight versus day use), 
gender and approximate visitor age. When counters are used near trailheads, additional 
information is required to estimate distances traveled and use patterns within the 
wilderness area (Watson and others 2000). These data were collected from GPS units 
given to a sample of visitors.
Mechanical counters do not burden visitors but have high management costs 
(equipment and personnel costs incurred with installation, maintenance, and calibration of
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the counters). The greater the number of access points that need to be monitored, the 
higher the cost is going to be for equipment and maintenance.
B) GPS, GIS and TopoFusion.
In order to obtain temporal and spatial data of day-hikers, GPS units were handed 
out at the entrances of the selected trails following a random sampling procedure. GPS 
data offers advantages over other methods in capturing day hikers trips. Some of these 
advantages are accuracy, greater detail and automatic processing.
The GPS receivers used in this study were manufactured by Garmin®. They can 
store up to 20 routes in the unit memory with 250 points per route. The route starts to be 
recorded as soon as the unit gets a satellite location fix. These GPS units have 3 different 
modes to set the recording interval: by Distance, Time, or Automatic. In this study the 
GPS receivers were set on Distance mode, and the distance selected was 20 meters 
(approximately 60 feet).
Since GPS data also includes temporal information (we know where people go and 
for how long), there is the potential for more sophisticated and realistic models of 
recreational behavior. TopoFusion is a mapping program that interfaces with consumer 
level GPS devices and manages GPS data. It is capable of mapping GPS data on USGS 
(United States Geological Survey) aerial photographs and topographic maps, supplied by 
accessing the TerraServer (Barclay and others 1998) through its web interface. This 
program along with personal observations opens a wide range of visitor-use aspects that 
can be analyzed in a more accurate way.
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Using GPS data offers several advantages over other methods. The GPS data offers 
accurate representations of trails. Second, GPS tracks contain time information. This 
means that speed of travel, duration of stay and other temporal statistics can be extracted. 
Third, given a sufficiently large number of GPS tracks, various usage statistics can be 
determined (frequency with which trails are traveled, time of day, seasonal use, etc.)
This kind of approach allows the public to actively participate too. Often trail users 
inquire how they can help and “give back” to the parks that they love. Contributing GPS 
tracks and thereby helping land managers make the best, most accurate decisions is one 
way they can help.
Procedure
Two mechanical counters were placed at each of the selected trails. The first 
counter was set at the beginning of the trail, far enough along the trail to avoid the most 
casual visitors (those who do not actually travel along the trail a significant distance). 
The second counter was set further away along the trail (2-3 miles) in order to gain an 
idea of how far day hikers go. Although all the recommendations found in the literature 
were followed, counters 1 and 3, located at the beginning of Hellroraring and Specimen 
Ridge trails respectively, never were successfully set up. The reasons why mechanical 
counters can sometimes be extremely difficult to set up are explained in Chapter V. Map 
2 shows the location of the counters that were set up (Appendix I). The UTM coordinates 
of each of the counters are shown in table 2.
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Table 2. UTM coordinates of the mechanical counters set up at Hellroaring, Specimen 
Ridge and Slough Creek trails.
TRAIL UNIT UTM coordinates 
Northing/Easting
Hellroaring Unit 1
Unit 2 543637.65, 4978423.98
Specimen Ridge Unit 1 ---
Unit 2 558725.39, 4973199.33
Slough Creek Unit 1 555348.05, 4976995.12
Unit 2 558725.39, 4977564.54
Careful site selection and proper installation are critical to ensure accurate counts 
(Deland 1976). For proper installation of the counter, the list of recommendations that 
Watson and others (2000) have reported were taken into account:
Scanners and reflectors must be mounted at about waist level. Therefore, there 
must be trees or posts on each side of the trail.
- Scenic overlooks or level areas at the top of steep grades should be avoided; 
because in these areas people tend to stop and move back and forth across the 
beam of the counter, resulting in inaccurate counts.
- If counts of individual visitors are desired (as happens in this study), it is 
important to select a place where trail users must pass single file mid cannot 
detour around the counter.
To eliminate possible sources of error only the data obtained from 7 AM to 9 PM 
was evaluated. It was assumed that the counts recorded by hikers before or after the
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sampling time were negligible and all the observations that happened during this period of 
time were due to animals or to an improper calibration of the counter.
The second part of the study took place at Hellroaring and Slough Creek trails. GPS 
units were handed out at the parking areas of these two trailheads. The working day 
started at 7:00 am, 8:00 am or 9:00 am and finished at 5:00 or later, depending on whether 
all units were already returned to the researcher by that time. The routes were 
downloaded onto a laptop immediately after the researcher got the GPS unit back. Once 
downloaded, the purged units were once again ready to hand out. Maps 3 and 4 show all 
the routes collected during the summer of 2004 at Hellroaring and Slough Creek trails 
respectively (Appendix I).
When handed a GPS receiver visitors were required to complete a form with some 
personal data in order to recover the GPS units in case participants were, for whatever 
reason, not able to return the units to the researcher (Appendix II, form 1). This 
information was discarded once the GPS unit was returned.
Auxiliary information was collected from all hikers during the handing out of the 
GPS units and the calibration period. This form (Appendix II, form 2) contained 
information about: (1) sociodemographics and characteristics of the hiker/s (Group size, 
type of group and age) (2) characteristics of the hike (time, overnight/day-use, 
exit/enter, mode of travel), and (3) recreational equipment (such as cameras, binoculars, 
etc.) carried on the hike.
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Sampling Design
The data collection period occurred during the summer of 2004, from May 28*** to 
September The observation process was conducted for periods of four hours: from 
7:00 am to 11:00 am, 12:00 pm to 4:00 pm and 5:00 pm to 9:00 pm, in order to capture 
(any) trail-use variability. During these observation periods the researcher counted how 
many hikers passed by the counter for comparison with the number registered by the 
mechanical counter.
All the trails and schedules (time of day) were drawn at random using a random 
number table. In simple random sampling each item has an equal probability of being 
selected. The sampling design’s calendar obtained as a result of this selection is shown in 
Appendix HI.
To minimize the visitor’s burden and possible influences on visitor’s behavior 
caused by the use of GPS technologies, the researcher was hidden during the observation 
period and no questions were asked during the handing out of the GPS receivers.
Analysis of the research questions
Due to the differing nature of the questions guiding this study, different kinds of 
data and analysis were necessary to asses them. First correlation coefficients and 
regression analyses were conducted, to respond to questions regarding use levels, and the 
effectiveness of mechanical counters when estimating amount of use. This analysis was 
performed using the data obtained from visual observations and mechanical counters set 
up along each of the three selected trails (Anafyfiis 1). The remaining questions deal with 
physical and demographic attributes and spatial relationships. Global Position System
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(GPS) routes, visual observation data along with GIS technology were used categorize 
visitors into various route types. {Analysis 2).
*Analvsis 1 
Questions 1 & 2
Qi: What is the amount of use on the Hellroaring, Specimen Ridge and Slough 
Creek trails?
Q2 : What is the effectiveness of mechanical counters for estimating the 
amount of use?
To understand the amount trail use, a classification of the data was done initially to 
identify whether or not people were using the trail. It is understood as “people not using 
the trail” when both Mechanical Counter and Visual Observation registered a value of 0 
during one minute (unit of time). All the other cases fall into the “people using the trail” 
category. All other counts would be attributed to animals, weather, counter malfunction, 
etc. Table 3 shows the total amount and percentage of the counts obtained per unit during 
the observation period, when nobody was using the trail.
Table 3. Total amount and percentage of counts per unit obtained during the calibration 
period that fall into the “visitors not using the trail category”
Mechanical
Countert̂ *^
Zero visitors counts 
(MC=0, VO=0) 0)
Total counts Percentage of “zero 
visitors counts”
2 2989 3107 96.2
4 1160 1204 96.3
5 1294 1435 90.1
6 1828 1916 95.4
(1) Map 2 shows the location of each of the units.
(2) The unit of time considered is a minute.
MC = Mechanical Counter, VO = Visual Observation
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Both visual observations and mechanical counters agreed during most of the time 
the study took place (over 95% of the time in all units besides unit 5) when nobody was 
using the trail. In other words, they did a good job of acknowledging when no one was 
using the trail. It also means that wildlife was not a big problem on these trails during the 
day. The possible managerial ramifications of this finding are discussed in Chapter 5.
When data was classified as “people using the trail”, another kind of analysis was 
needed. Before any analysis was performed it was noticed that wagons inflated the visual 
observations for units 5 and 6. These counters were located on the Slough Creek trail, 
which is a trail often frequented by wagons. On the visual observation forms the number 
of people that traveled in each wagon was recorded, instead of registering the number of 
wagons that used the trail. For that reason, these observations were adjusted to make one 
wagon equal to one hiker, so the counts made by the mechanical counters would not differ 
that much from the visual observations. Once these data were adjusted, the same analysis 
was performed on all units.
With the aim of assessing the accuracy of various sampling times, correlation 
coefficients were calculated for each unit using different sampling periods. When 
comparing a unit’s readings with visual observations, it was noticed that sometimes 
people were counted by the counter a number of minutes before or after the researcher 
did. Because of this, the sampled time periods were increased to 15, 30, 60 and 240 min. 
For example, instead of comparing coimts minute by minute, the number of people that 
the counter registered in 15 minutes periods was compared to the number of people 
counted by the researcher in the same periods of time. The results obtained are shown in 
Table 4 and in Figure 1.
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Table 4. Correlation coefficients of mechanical counters compared to visual observations 
obtained for each counter at different sample periods
UNIT 2
Sample Time
15 min 
30 min 
1 hour 
4 hours
Sample size 
208 
104 
52 
13
Correlation ^
.796
.894
.945
.949
UNIT 4
Sample Time
15 min 
30 min 
1 hour 
4 hours
Sample size 
80 
40 
20 
5
Correlation ' '
471
.523
.987
.994
UNITS
Sample Time
15 min 
30 min 
1 hour 
4 hours
Sample size
96
48
24
6
Correlation
.763
.844
.856
.992
UNIT 6
Sample Time
15 min 
30 min 
1 hour 
4 hours
Sample size 
128 
66
32
8
Correlation
.522
.544
.889
.957
(1) correlations are significant at the 0.01 level (2-tailed)
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CORRELATION TRENDS OVER TIME
□  Unit 2
□  Unit 4 
H Unit 5 
■  Unit 6
15 min 30 min 1 tiour
T im e in terval
Figure 1. Correlation coefficients of mechanical counters compared to visual 
observations obtained for each unit at different sampling periods
For all mechanical counters, the highest correlations coefficients were obtained for 
the larger sampling periods. These values diminish as the sampled time decreased. In 
general, it seems that a significant drop in correlation values occurs when comparing a 1 
hour to a 30 minute sampling period. The next step was to conduct a regression analysis 
to determine how well mechanical counters did when it comes to estimating the amount of 
use. The results of the regression analysis are shown in Tables 5 and 6.
Table 5. Regression line estimates for the relationship between Visual Observations (VO) 
and Mechanical Counts (MC) for a one hour sampling period
Unit # N Mean MC Regr. Eq. SE(y.ç) F Sig.
2 52 3.23 y = .774x + .345 1.12 .893 416.959 .000
4 20 2.90 y = 1.025x + .079 .76 .975 691.723 .000
5 24 5.33 y = .867x + .503 2.09 .712 54.437 .000
6 33 3.39 y = .801x + .464 1.87 .790 116.289 .000
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Table 6. Regression line estimates for the relationship between Visual Observations (VO) 
and Mechanical Counts (MC) for a four hour sampling period
Unit# N Mean MC Regr. Eq. SE(v-ÿ) R: F Sig.
2 13 12.92 y = .822 X + .768 2.59 .901 100.432 .000
4 5 11.60 y = 1.044 X + .090 1.44 989 266.956 .000
5 6 21.33 y = .902 x+ 1.421 1.17 .984 242.049 .000
6 8 14.25 y = .757 x + 2.214 2.96 .916 65.251 .000
Once obtained the regression equations, a test for a simultaneus confidence region 
for all the parameters in the equations was conducted (Bojang 1980). The simulataneous 
confidence interval test the hypothesis:
Ho : (bo, bi) = (0,1) vs. Hi : (bo, bi) (0,1)
To test this hypothesis, one computes the test statistic:
Q = ( p - b ) ’ X ’X (p -b )
For the null hypothesis to be accepted, this compted statistic should be less than or equal 
to:
pS^F(p, V, 1 - a)
Where bo = intercept 
bi = slope
p = hypothesized population parameters (vector)
Q = test statistic
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s  = variance
X’X = matrix term in the independent variable (predicted visitor counts in 
this case) 
p = degrees of freedom (regression) 
v = n-p
n = number of samples 
b = vector of regression parameters 
a  — test level
After running the test, it was found that statistically the slope and intercept are 
different from 0 for all the equations, so the null hypothesis was rejected for all the cases.
All the units show high values and F ratios for both sample periods. High 
values suggest that a straight line is a good approximation of the relationship between the 
two variables. This is an indicator of the strength of the linear relationship between the 
mechanical counts and the visual observations.
A visual inspection of the data was also carried out. The results from plotting the 
data are shown in figures 2 and 3.
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Figure 2. Scatterplot of the relationship between Visual Observations (VO) and 
Mechanical Counts (MC) for a one hour sampling period.
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Figure 3. Scatterplot of the relationship between Visual Observations (VO) and 
Mechanical Counts (MC) for a one hour sampling period.
Some outliers that appear are attributed to the methodology used. For example, 
comparing visitors counts hour by hour. If the researcher counted a hiker the last minute
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of the hour and the counter counted the same person on the next hour, that person was 
counted/registered in two different periods of time which decreases accuracy. This source 
of error increases if the hiker in question is on a horse or wagon. So, in addition to 
counting people on different period times, the counter register blank counts.
Some other outliers are caused by the person’s behavior. If people were walking 
together side by side, the counter only registered one person. This also happens with large 
groups of people walking together (not in line) through the counter. Other times the 
hikers disturb the counters by passing through a couple of times to ‘check’ if they are 
working or simply for fun. The wagons caused some problems at Slough Creek trail at 
the beginning of the summer. The wagons would stop just in front of the mechanical 
counters for a couple of minutes to rest the horses, thereby causing blank counts. It took a 
couple of days until all the wagons riders were alerted to not stop at those locations.
Once the outliers are discarded, the scatterplots show a regular distribution of the 
data along the counting intervals. Among other factors, we will explore in this discussion: 
one, the intercept which is not zero in any of the cases, indicating a bias between the two 
methods; and two, the slope of the regression line, that tells whether the number of 
visitors is over or under estimated by the mechanical counter.
To establish the margin of error obtained by the mechanical counters when 
estimating the amount of use, confidence limits at different margins error where 
calculated for each unit and sample period. The formulas used to calculate these 
confidence intervals are:
- regression equation obtained for each unit.
Ÿ = bo + b i - Y  (1)
with,
Ÿ = expected mean value of the dependent variable 
bo = intercept (value of Y, when X = 0)
bi = slope of the relationship (change in Y for a unit change in X)
Y = mean value of Y (being Y = mechanical counters)
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-  confidence limits:
CI = Ÿ±C-VMSE-Vl /n  (2)
with,
C : degree of confidence associated with the confidence interval (student t value) 
MSE : Mean Square Error 
n : sample size
These formulas were used as follows: specific regression equation was used to 
obtain an estimate of the mean observed count after substituting the mean obtained for the 
mechanical counters for each sample area. Once an estimated observed count was 
obtained it was used to calculate the confidence limit. Like the regression equation, the 
components in equation (2) are specific for each unit. The results obtained from these 
formulas are shown in Tables 7 and 8.
Table 7. Estimated rate of use of visitors / hour and its confidence limits at different 
levels of confidence for mechanical counters.
Unit# N Y
95%
Confidence Limits 
90% 80% 70%
2 52 3.23 2.54-3.16 2.59-3.11 2.65 - 3.05 2.69 - 3.01
4 20 2.90 2.69 - 3.41 2.76 - 3.34 2.82 - 3.28 2.87 - 3.23
5 24 5.33 4.24 -  6.01 4.39-5.85 4.56-5.69 4.67-5.58
6 32 3.39 2.51-3.84 2.63-3.73 2.75-3.61 2.84-3.52
Table 8. Estimated rate of use of visitors / 4 hours and its confidence limits at different 
levels of confidence for mechanical counters.
Unit# N Y
95%
Confidence Intervals 
90% 80% 70%
2 13 12.92 9.82 -12.96 10.11 - 12.67 10.42 - 12.36 10.61 -12.17
4 5 11.60 10.41 - 13.99 10.83 - 13.57 11.21 -13.19 11.43-12.97
5 6 21.33 19.49-21.83 19.73-21.59 19.97-21.35 20.12-21.20
6 8 14.25 10.59-15.41 11.05-14.95 11.54-14.46 11.84-14.16
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The with of the confidence interval increased as the confidence level decreased. The 
confidence intervals are exclusive of each unit and depend on how well that unit worked. 
For example, we can say with an 80% confidence level that the population average 
number of hikers that passed the suspension bridge (unit 2) during one hour period in the 
summer o f2004 was 2.65 -  3.05 visitors.
The last step was to calculate the total use estimation for each of the counters and 
sampling periods. This is shown in Tables 9 and 10. The calculations were based on a 
total length of visitor season of 14 weeks and a day of 14 hours (from 7:00 am to 9:00 
pm).
Table 9 Estimated total use (visitors per season) and its confidence limits at different 
levels of confidence (values estimated from # visitors per hour)
U n it# Y Mean # days 
season 95%
Confidence Limits 
90% 80% 70%
2 3.23 3911 98 3485 - 4336 3553 - 4267 3636-4185 3691-4130
4 2.90 4185 98 3691 - 4679 3787 - 4582 3869-4500 3938-4432
5 5.63 7031 98 5816 - 8246 6023 - 8026 6256 - 7807 6407-7656
6 3.39 4356 98 3444 - 5268 3608-5118 3773 - 4953 3896-4829
Table 10. Estimated total use (visitors per season) and its confidence limits at different 
levels of confidence (values estimated from # visitors per 4 hours)
U n it# Y Mean #days
season 95%
Confidence Limite 
90% 80% 70%
2 12.92 3908 98 3368 - 4445 3468 - 4346 3574 - 4239 3639-4174
4 11.60 4185 98 3571 -4799 3715-4655 3845-4524 3920 -  4449
5 22.50 7087 98 6685 -  7488 6767 - 7405 6850 - 7323 6901-7272
6 14.25 4459 98 3632 - 5286 3790-5128 3958 - 4960 4061-4857
Note: 1 day has 3.5 periods of 4 hours
As before, the range of results obtained differs among units.
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* Analysis 2
As stated before, GIS technology was used to answer the remaining research 
questions. To obtain a profile of the day-hikers at the traiiheads, the visual observations 
gathered at the parking lots were used, with the exception of average speed. This variable 
was calculated using the information obtained from the GPS units. The GPS data and the 
data from the visual observations for those groups who took the GPS units with them, 
were used to obtain a profile of the day-hikers at different distances along the trail 
(Question 4 and 5). The same data but a different analysis was performed to answer 
question 6. The data obtained from answering questions 4 and 5 along with the rest of 
visual observations, were used to answer the remaining questions.
The following questions will be addressed for both trails firstly for Hellroaring trail 
followed by Slough Creek trail.
Question 3a
Qsa: What is the general profile of the day-hiker at Hellroaring trailhead.
Basic statistics were computed frnm the data obtained from the visual observations 
gathered at the parking lot located at the trailhead (Tables 11,12 and 13). The parameter 
average speed was calculated using the information obtained by the GPS.
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Table 11. Day-use statistics by gender and age class at Hellroaring trailhead (Summer 
2004) (N = 633 groups)
MIN MAX SUM AVERAGE %
Group Size 
Females
<16
16-30
31-45
46-55
>55
Males
<16 
16-30 
31-45 
46-55 
>55 
Av. Speed 
(mi/hf^
1
0
0
0
0
0
0
0
0
0
0
0
0
23
6
5 
4
4
6
5 
11 
11
6 
6
4
5
3.48
1722
713
166
163
211
122
51
1009
203
284
320
131
89
297.2
2.72
1.13
0.26
0.26
0.33
0.19
0.08
1.59
0.32
0.45
0.48
0.21
0.14
2.22
41.4
23.3
22.9
29.6
17.1 
7.2
58.6
20.1 
28.1
31.7 
13.0 
8.8
(1) Average Speed parameter is calculated for N = 134
Table 12. Percentage of day-hikers groups carrying various types of recreation equipment 
at Hellroaring and Slough Creek trails.
Recreational Equipment HELLROARING 
(N=633 groups)
SLOUGH CREEK 
(N=679 groups)
Camera 18.0 13.0
Binoculars 9.5 10.9
Walking Sticks 8.1 5.3
Camera with Tripod 0.9 0.9
Fishing poles 19.7 41.7
Video camera 3.0 0.6
Recorder 0.5 0.0
Radio 1.6 0.1
Other 0.9 1.0
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Table 13. Percentage of day-hikers groups distributed by Type of group and Mode of 
travel, at Hellroaring and Slough Creek Trails.
DESCRIPTION HELLROARING SLOUGH CREEK
(N=633 groups) (N=679 groups)
Type of group
Not organized group 95.6 87.3
Organized group 1.9 4.1
Commercial group 0.0 6.7
Member of the Park Service 1.1 1.5
Researcher 1.4 0.4
Mode of travel
Foot travel 98.1 86.0
Horse 1.9 7.1
Horse with packstock 0.0 1.0
Wagon 0.0 5.8
Hike with packstock 0.0 0.0
Lamas 0.0 0.1
From Table 11, of the 1722 visitors that went to Hellroaring during the summer of 
2004, nearly half (41.4%) were women and the remaining 58.6 percent were men. 
Among women, the most common age range was from 31-45 (29.6%), followed by the 
"under 16” group (23.3%) and the 16-30 group (22.9%). The smallest group represented 
was the women “over 55” (7.2%). Among men, the distribution by group of age was veiy 
similar. The most common age range was also from 31-45 (31.7%). The second most 
important age group was the 16-30 group (28.1%) followed by the “under 16” group 
(20.1%). The lowest represented group was again males “over 55” (8.8%).
The average group consisted of 2.72 people, with 2 being the most repeated party 
size (mode). The average speed was 2.2 mi/h. The type of group was mainly a non­
organized, friends or family (95.6%) (Table 13). The organized groups, which would be 
the next type of groups in importance, represented less than the two percent. The most 
common mode of travel chosen was by foot (98.1%). Regarding equipment, fishing poles
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were the most used equipment (19.7%), followed closely by cameras (18.0%). Binoculars 
and walking sticks were the third and fourth equipment most used with a 9.5 percent and 
an 8 percent respectively. All other equipments did not exceed five percent (Table 12).
Question 4a
Q4a- Does the general profile of the day-hiker change depending on the distance 
covered along Hellroaring trail?
To obtain the profile of the day-hiker depending on distance covered, the trail was 
divided into different zones. This division was made based on distance (1 mile and 2 
miles away from the trailhead) and points that would be interesting to tourists (meadows 
or bridges that could represent a destination point by themselves) and managers 
(junctions).
Two polygons were drawn at the Hellroaring trail (map 5, Appendix I). The first polygon 
goes about 1 mile along the trail to the suspension bridge (north) and the intersection with 
the loop trail around Garnet Hill (east). Possible hikes off-trail along with the topography 
of the terrain, were taken into account when drawing the rest of the polygon. The second 
polygon goes approximately 2 miles along the trail until the intersection of the trails that 
go to Hellroaring Creek (northwest) and Hellroaring Peak (northeast), and the intersection 
with the loop trail around Garnet Hill. Again, possible hikes off-trail along with the 
topography of the terrain were taken into account when drawing the rest of the polygon.
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Once the polygons were drawn, several queries were created in ArcGIS® to find out 
what groups felt into each polygon. Basic statistics were computed for different groups of 
routes. The results are shown in Tables 14,15,16 and 17.
Table 14. Day-use statistics by gender and age class of the routes that fall into the one- 
mile polygon category at Hellroaring Trail (N = 39).
MIN MAX SUM AVERAGE %
Group Size 1 10 ]117 3.00 — —
Females 0 6 57 1.46 48.7
<16 0 4 14 0.36 24.6
16-30 0 2 12 0.31 21.1
31-45 0 4 19 0.49 33.3
46-55 0 3 11 0.28 19.3
>55 0 1 1 0.03 1.8
Males 0 5 60 1.54 51.3
<16 0 3 15 0.38 25.0
16-30 0 2 11 0.28 18.3
31-45 0 4 26 0.67 43.3
46-55 0 2 7 0.18 11.7
>55 0 1 1 0.03 1.7
Av. Speed 1.31 2.67 81.29 2.08 ——
(mi/h)
Table 15. Percentage of day-hikers groups distributed by equipment at different
Hellroaring distance zones.
Recreational IM IL E 2 MILES >2 MILES
Equipment POLYGON POLYGON POLYGON
(N=39 groups) (N=34 groups) (N=61 groups)
Camera 28.2 38.2 18.0
Binoculars 23.1 5.9 9.8
Walking sticks 7.7 0.0 9.8
Camera with Tripod 0.0 5.9 1.6
Fishing poles 5.1 23.5 26.2
Video camera 5-1 2.9 3.3
Recorder 0.0 0.0 0.0
Radio 0.0 2.9 0.0
Other 2.6 0.0 3.3
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From Tables 14 and 15, 30.5 percent of the people hiked about one mile along the 
trail. Women constituted nearly the half percent of the hikers (48.7%), the remaining 51.3 
percent were men. Among women, the most common age range was from 31-45 (33.3%) 
followed by the “under 16” group (24.6%). Similar results were obtained for men, where 
the most common group was also the 31-45 years old (43.3%). In both genders, the least 
numerous group was the “over 55” group with less than two percent in both cases.
The mean group consisted of 3 people and the average speed was 2.08 miles per 
hour. Regarding equipment, cameras were the most used equipment (28.2%) followed 
closely by binoculars (23.1%). Just the five percent of the groups went fishing.
Table 16. Day-use statistics by gender and age class of the routes that fall into the two- 
mile polygon category at Hellroaring Trail (N = 34).
MIN MAX SUM AVERAGE %
Group Size 1 7 93 2.74 ---
Females 0 3 36 1.06 38.7
<16 0 2 12 0.35 33.3
16-30 0 1 6 0.18 16.7
31-45 0 1 13 0.38 36.1
46-55 0 1 3 0.09 8.3
>55 0 1 2 0.06 5.6
Males 0 4 57 1.68 61.3
<16 0 3 19 0.56 33.3
16-30 0 2 14 0.41 24.6
31-45 0 3 16 0.47 28.1
46-55 0 2 6 0.18 10.5
>55 0 1 2 0.06 3.5
Av. Speed 
(mi/h)
1.53 3.48 70.79 2.08 ---
From Table 16, 24.3 percent of people hiked approximately 2 miles along the trail. 
The women represented almost the forty percent (38.7%) and remaining sixty percent 
(61.3%) were men . Among women, the most common age range was again from 31-45
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(36.1%) followed by the “under 16” group (33.3%). The men were most evenly 
distributed among a range of ages. The largest group was the “under 16” group (33.3%), 
followed by the 31-45 group (28.1%) and the 17-30 group (24.6%) respectively. The 
group of hikers “over 55” was again the group least observed among both genders.
The mean group consisted of 2.74 people and the average speed was 2.08 miles per hour. 
With regard to equipment, cameras were again the most widely used equipment (38.2%). 
Fishing poles were the second more common equipment (23.5%).
Table 17. Day-use statistics by gender and age class of the routes that fall neither into the 
one-mile polygon category nor the two-mile polygon category at Hellroaring Trail (N = 
61).
MIN MAX SUM AVERAGE %
Group Size 1 13 173 2.84 ---
Females 0 6 67 1.10 38.7
<16 0 5 13 0.21 19.4
16-30 0 3 19 0.31 28.4
31-45 0 2 18 0.30 26.9
46-55 0 2 8 0.13 119
>55 0 5 9 0.15 13.4
Males 0 9 106 1.74 61.3
<16 0 5 18 0.30 17.0
16-30 0 4 28 0.46 26.4
31-45 0 5 37 0.61 34.9
46-55 0 1 12 0.20 11.3
>55 0 5 11 0.18 10.4
Av. Speed 
(mi/h)
1.62 3.48 145.12 2.38 —*■
From Table 17, 45.2 percent of the people hiked more than 2 miles into the 
wilderness. The women constituted 38.7 percent and the men 61.3 percent. Among 
women, the most common age range was again from 16-30 (28.4%) followed by the 31- 
45 group (26.9%) and the “under 16” group (19-4%). Two groups stand out within the
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men’s age distribution, the 31-45 group (34.9%) and the 16-30 group (26.4%). The 
proportion of people “over 55” seems to be larger in this polygon.
The mean group consisted of 2.84 people and the average speed was 2.38 miles 
per hour. Regarding equipment, fishing was the primary activity with a 26.2 percent of 
the groups going fishing. Taking pictures came after (18.0%). Less than ten percent of 
the groups had binoculars or walking sticks.
Question 5a
Qsa: What percentage of day-hikers stay on the official trails marked by the National 
Park Service at Hellroaring trail? Does their profile of those who leave the trail differ 
fi-om those who do not? It is GIS and GPS technology accurate enough to capture this 
phenomena?
Five buffers around the trail system were constructed to study where exactly day- 
hikers go and whether or not they stay on the trail (Map 7, Appendix I). These buffers 
were 66, 132, 200, 220 and 240 yards wide. Bigger buffers were not applied since an 
increase in distance did not represent an increase in number of routes included. Once the 
buffers were drawn, several queries were created in ArcGIS® to find out which routes fell 
completely inside the buffer and which ones did not. Table 18 shows the percentage of 
routes included in each buffer.
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Table 18. Percentage of routes included completely in five buffer widths, at Hellroaring 
and Slough Creek trails.
BUFFER WIDTH HELLROARING SLOUGH CREEK
________(in yards)______________________________________________________
66 2.0 4.6
132 31.0 18.3
200 39.3 37-4
220 43.4 38.2
240 47.6 39.7
Due to the low percentages obtained from this analysis, basic statistics were 
computed only for the larger buffer (buffer 5: 240 yards). The results obtained are shown 
in Tables 19, and 20.
Table 19. Day-use statistics by gender and age class of those routes that fall on (N = 66) 
and off (N = 68) the 240 yards buffer width, at Hellroaring trail.
MIN MAX SUM AVERAGE %
on off on off on off on off on off
Group Size 1 1 13 10 183 200 2.77 2.94 --- ---
Females 0 0 6 6 71 89 1.08 1.31 38.8 44.5
<16 0 0 5 4 18 21 0.27 0.31 25.4 23.6
16-30 0 0 3 2 14 23 0.21 0.34 19.7 25.8
31-45 0 0 2 4 21 29 0.32 0.43 29.6 32.6
46-55 0 0 2 3 9 13 0.14 0.19 12.7 14.6
>55 0 0 5 1 9 3 0.14 0.04 12.7 3.4
Males 0 0 9 5 112 111 1.70 1.63 61.2 55.5
<16 0 0 5 3 22 30 0.33 0.44 19.6 27.0
16-30 0 0 4 2 27 26 0.41 0.38 24.1 23.4
31-45 0 0 5 4 37 42 0.56 0.62 33.0 37.8
46-55 0 0 2 2 15 10 0.23 0.15 13.4 9.0
>55 0 0 5 1 11 3 0.17 0.04 9.8 2.7
Av. Speed 
(mil/h)
1.37 1.37 3.48 3.48 146.49 150.71 2.28 2.16 --- ---
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Table 20. Percentage of day-hikers groups distributed by equipment as they stayed on or 
off the trail at Hellroaring trail.
RECREATIONAL ON-TRAIL OFF-TRAIL
EQUIPMENT (N=66 groups) (N=68 groups)
Camera 33.3 19.1
Binoculars 16.7 8.8
Walking sticks 4.5 8.8
Camera with Tripod 1.5 2.9
Fishing poles 9.1 29.4
Video Camera 4.5 2.9
Recorder 0.0 0.0
Radio 0.0 1.5
Other 1.5 1.5
From these tables, out of the 47.6 percent that stayed on the trail, 38.8 percent were 
women and the remaining 61.2 percent were men. As for both women and men, the most 
common age range was from 31-45 with 29.6 percent and 33.0 percent respectively. The 
mean group consisted of 2.77 visitors and the average speed was 2.28 miles per hour. 
With regard to equipment, cameras were the most common equipment (33.3%). 
Binoculars were the second most commonly identified equipment (16.7%).
Among the 52.4 percent of hikers that stepped off the trail, 44.5 percent were 
woman and the remaining 55.5 percent were men. The age range 31-45 was the most 
common for both genders with 32.6 percent being women and 37.8 percent men. The 
average group consisted of 2.94 visitors and the average speed was 2.16 miles per hour. 
Regarding equipment, fishing poles were the most common equipment (29 4%) followed 
by cameras (19.1%).
Due to the low percentages obtained, fiirther analysis was performed to determine 
more details about visitors behavior. Using the trail zones previously created, the number
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of groups stayed on the trail was investigated by zone and buffer width. Table 21 shows 
the results obtained from this analysis:
Table 21. Percentage of groups that stayed on the trail by buffer width and distance hiked, 
at Hellroaring and Slough Creek.
BUFFER WIDTH (in yards)
Polygon
1 mile 
Polygon
2 miles 
Polygon > 2 
miles
P‘ Meadow 
SP « 2 ^  Meadow
I
I
U >
2»d
66
7.3 
0.0 
0
10.3 
3.0 
0.0
132
68.3
30.6
8.8
46.2
9.0
0.0
200
80.5
38.9 
13.2
84.6
23.9 
0.0
210
87.8 
50.0
13.2
87.2
23.9 
0.0
220
92.7
58.3
14.7
92.3 
23.9 
0.0
Meadow
Next, questions 3 ,4  and 5 will be applied to the Slough Creek trail. To answer these 
questions the same procedures used for Hellroaring trail were used for Slough Creek 
Trail.
Question 3b
Qsb: What is the general profile of the day-hiker at Slough Creek trailhead.
Table 22 shows the results of basic statistics applied to the data obtained from the 
visual observations done at the parking lot located at the trailhead. The parameter average 
speed was calculated using the information obtained by the GPS.
50
Table 22. Day-use statistics by gender and age class for Slough Creek trail (Summer 
2004) (N = 679)
MIN MAX SUM AVERAGE %
Group Size 1 17 1836 2.70
Females 0 5 601 0.89 32.7
<16 0 5 119 0.18 19.8
16-30 0 3 117 0.17 19.5
31-45 0 5 197 0.29 32.8
46-55 0 5 119 0.18 19.8
>55 0 2 49 0.07 8.2
Males 0 7 1235 1.82 67.3
<16 0 1 168 0.25 13.6
16-30 0 5 294 0.43 23.8
31-45 0 6 396 0.58 32.1
46-55 0 6 257 0.38 20.8
>55 0 3 120 0.18 9.7
Av. Speed 1.0 6.46 296.21 2.47
(mil/h) _______________________________________________________
(1) Average Speed parameter is calculated for N = 120
From Table 22, of the 1836 visitors that hiked Slough Creek trail during the summer 
of 2004, 32.7 percent were women and the remaining 67.3 percent men. Among women, 
the most common age range was from 31-45 (32.8%). The rest of the age groups, besides 
the group “over 55”, were distributed similarly with approximately a 19.5 percent. 
Among men, the distribution by group of age was more irregular. The 31-45 group stood 
out with a 32.1 percent, followed by the 16-30 group (23.8%). Neither genders exceeded 
ten percent in the “over 55” category.
The average group consisted of 2.70 visitors, 2 being the most common party size 
(mode). The average speed was 2.47 miles per hour. The type of group was mainly a non 
organized group, i.e., friends or family, constituting 87.3 percent (table 13). Commercial 
groups and organized groups were also represented, although less common (6.7% and 
4.1% respectively). The most common mode of travel chosen among day-hikers was by
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foot (86.0%). The seven percent of the hikers (7.1%) chose to go by horse and almost a
5.8 percent went by wagon. Wagons are the mean of transportation used by the hotel 
located just outside the borders of the park to transport their clients. Regarding 
equipment, fishing poles were by far the most used equipment (41.2%). Cameras, 
binoculars and walking sticks were other fairly common equipment (13.0%, 10.9%, and 
5.3% respectively). All other equipment did not exceed the five percent (table 12).
Question 4b
Q4b: Does the general profile of the day-hiker change depending on the distance 
covered along Slough Creek trail?
The methodology used at Hellroaring trail was the same used at Slough Creek trail. 
Two polygons were drawn at Slough Creek (Map 6, Appendix I), The first polygon goes 
approximately 1.6 miles along the trail until the first meadow. Because of the topography 
of the terrain, there are no other trails that connect with this first part of the trail. The 
second polygon goes until the second meadow (4.2 miles along the trail). The routes 
followed by fishermen were taken into account when drawing the rest of the polygon. 
There was an initial consideration to draw a third polygon, to study the profile of the 
hikers that take the trail going north to Buffalo Plateau, but it turned out to be unnecessary 
due to the lack of use of this trail. The same Hellroaring’s GIS procedure was applied to 
the Slough Creek’s polygons. The results obtained are shown in Tables 23,24,25 and 26.
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Table 23. Percentage of day-hikers groups distributed by equipment at different Slougb 
Creek distance zones.
RECREATIONAL FIRST MEADOW SECOND > SECOND
EQUIPMENT (N=35 groups) MEADOW MEADOW
Camera 22.9 20.0 8.0
Binoculars 17.1 20.0 12.0
Walking sticks 5.7 10.0 0.0
Camera with Tripod 2.9 1.7 4.0
Fishing poles 22.9 43.3 80.0
Video Camera 2.9 1.7 0.0
Recorder 0.0 0.0 0.0
Radio 0.0 0.0 0.0
Other 0.0 0.0 0.0
Table 24. Day-use statistics by gender and age class of the routes that fall into the first 
meadow polygon at Slougb Creek Trail (N = 35).
MIN MAX SUM AVERAGE %
Group Size 1 15 113 3.23 - —
Females 0 6 46 1.31 40.7
<16 0 5 15 0.43 32.6
16-30 0 1 4 0.11 8.7
31-45 0 3 18 0.51 39.1
46-55 0 1 3 0.09 6.5
>55 0 1 6 0.17 13.0
Males 0 9 67 191 59.3
<16 0 5 21 0.60 31.3
16-30 0 3 11 0.31 16.4
31-45 0 3 18 0.51 26.9
46-55 0 3 11 0.31 16.4
>55 0 1 6 0.17 9.0
Av. Speed 
(mil/h)
1.00 3.48 79.68 2.27
From this table, 33.9 percent of people that hiked Slougb Creek during the summer 
of 2004, hiked until the first meadow (1.6 miles aprox.). Women constituted 40.7 percent 
and men 59.3 percent. Among women, the most common age range was fi'om 31-45 
(39.1%), followed by the "under 16” group (32.6%). The rest of age groups bad smaller 
and similar proportions among them. Men were more evenly distributed among the entire
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range of ages. The largest age group among men was the "under 16” group (31.3%), 
followed by the 31-45 group (26.9%).
The mean group consisted of 3.23 visitors and the average speed was 2.27 miles 
per hour. Regarding equipment, cameras and fishing poles were the most commonly used 
equipment, both at 22.9 percent. Binoculars were the second most observed equipment 
(17.1%).
Table 25. Day-use statistics by gender and age class of the routes that fall into the second 
meadow polygon at Slough Creek Trail (N = 60).
MIN MAX SUM AVERAGE %
Group Size 1 9 152 2.53 ---
Females 0 7 56 0.93 36.8
<16 0 5 11 0.18 19.6
16-30 0 1 13 0.22 23.2
31-45 0 2 17 0.28 30.4
46-55 0 2 10 0.17 17.9
>55 0 1 5 0.08 8.9
Males 0 4 96 1.60 63.2
<16 0 2 7 0.12 7.3
16-30 0 3 31 0.52 32.3
31-45 0 3 24 0.40 25.0
46-55 0 3 21 0.35 21.9
>55 0 3 13 0.22 13.5
Av. Speed 
(mil/h)
1.93 6.46 139.78 2.54 ---
From this table, 45.7 percent of people that hiked Slough Creek during the summer 
of 2004, hiked until the second meadow (4.2 miles aprox.). Of this, women constituted
36.8 percent and men were the remaining 63.2 percent. Among women, the largest age 
range was from 31-45 (30.4%) followed by the 16-30 group (23.2%). The men were 
more evenly distributed among the range of ages. The largest age group among men was
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the 16-30 group (32.3%), followed by the 31-45 group (25.0%), and the 46-55 group 
(21.9%).
The mean group consisted of 2.53 visitors and the average speed was 2.54 miles per 
hour. Regarding equipment, fishing poles were the most used equipment (43.3%). 
Cameras and binoculars were the second most worn equipment (both 20%) (table 23).
Table 26. Day-use statistics by gender and age classcfor the routes that fall into either into 
the first meadow polygon nor the second meadow polygon at Slough Creek Trail (N = 
25).
MIN MAX SUM AVERAGE %
Group Size 1 6 68 2.72
Females 0 2 16 0.64 23.5
<16 0 0 0 0 0
16-30 0 1 2 0.08 12.5
31-45 0 1 3 0.12 18.8
46-55 0 1 7 0.28 43.8
>55 0 1 4 0.16 25.0
Males 0 6 52 2.08 76.5
<16 0 2 5 0.20 9.6
16-30 0 2 7 0.28 13.5
31-45 0 3 11 0.44 21.2
46-55 0 4 20 0.80 38.5
>55 0 2 9 0.36 17.3
Av. Speed 
(milÂi)
1.68 3.85 64.33 2.57
From this table, 20.4 percent of people that hiked Slough Creek during the summer 
of 2004, hiked beyond the second meadow (more than 4.2 miles). The women constituted 
23.5 and the remaining 76.5 percent were men . Among women, the most common age 
range was from 46-55 (43.8%), followed by the “over 55” group (25.0%). No females 
from the “underl6” group was registered. The largest group among men was also the 46-
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55 group (38.5%). The “over 55” group occupied the third position this time (17.3%) and 
the “under 16” group was again the smallest (9.6%).
The mean group consisted of 2.72 visitors and the average speed was 2.57 miles per 
hour. Regarding equipment, fishing poles were by far the most used equipment (80.0%). 
Binoculars were the second more wore equipments (12.0%) (Table 23).
Question 5b
Qsb: What percentage of day-hikers stay on the official trails marked by the National 
Park Service at Slough Creek trail? Does their profile of those who leave the trail differ 
fiom those who do not? It is GIS and GPS technology accurate enough to capture this 
phenomena?
The same analysis conducted at Hellroaring was also applied at Slough Creek trail. 
The five buffers of the trail system are shown in Map 8 Appendix I. Tables 27 and 28 
show the basic statistics applied to buffer 5 (240 yards).
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Table 27. Day-use statistics by gender and age class for those routes that fall on (N =46) 
and off (N = 74) the 240 yards buffer wide, at Slough Creek trail.
MIN MAX SUM AVERAGE %
on o ff on off on o ff on o ff on off 
Group Size ~~l ' ~  \ 12 15 118 215 ' 2.57 2.91 — "  —'
Females 0 0 5 7 47 71 1.02 0.96 39.8 33.0
<16 0 0 5 5 12 14 0.26 0.19 25.5 197
16-30 0 0 1 1 7 12 0.15 0.16 14.9 16.9
31-45 0 0 2 3 17 21 0.37 0.28 36.2 29.6
46-55 0 0 1 2 5 15 0.11 0.29 10.6 21.1
>55 0 0 1 1 6 9 0.13 0.12 12.8 12.7
Males 0 1 7 9 71 144 1.54 1.95 60.2 67.0
<16 0 0 5 5 17 16 0.37 0.22 23.9 11.1
16-30 0 0 3 3 15 34 0.33 0.46 21.1 23.6
31-45 0 0 3 3 17 36 0.37 0.49 23.9 25.0
46-55 0 0 3 4 15 37 0.33 0.50 21 1 25.7
>55 0 0 1 3 7 21 0.15 0.28 9.9 14.6
Av. Speed 1.00 1 68 4 10 6.46 109.26 186.95 2.37 2.52 ...............
Table 28. Percentage of day-hikers groups distributed by equipment as they stayed on or 
off the trail at Slough Creek trail.
RECREATIONAL
EQUIPMENT
ON-TRAIL 
(N=46 groups)
OFF-TRAIL 
(N=74 groups)
Camera 17.4 18.9
Binoculars 21.7 14.9
Walking sticks 4.3 9.5
Camera with Tripod 2.2 1.4
Fishing poles 13.0 64.9
Video Camera 2.2 1.4
Recorder 0.0 0.0
Radio 0.0 0.0
Other 0.0 0.0
From these tables, of the 39.5 percent that stayed on the trail, 39.8 percent were 
women and the remaining 60.2 percent were men. For women, the most common age 
range was from 31-45 (36.2%). For men, the two greatest age ranges were 31-45 and 
"under 16” (both 23.9%). The mean group was formed by 3.82 visitors and the average
57
speed was 2.37 miles per hour. Regarding equipment, binoculars were the most common 
equipment (21.7%), followed by cameras (17.4%).
Regarding the 60.5 percent of the hikers that step off trail, 33 percent were women 
and the remaining 67 percent were men. Among woman, the most observed age range 
was from 31-45 (29.6%). Among men, the most important age range was from 46-55 
(25.7%), followed closely by the 31-45 group (25%). The mean party size was formed by 
2.91 people and the average speed was 2.52 miles per hour. Regarding equipment, fishing 
poles were the most common equipment (64.9%), followed by cameras (18.9%) and 
binoculars (14.9%).
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-CHAPTER FOUR- 
RESULTS & DISCUSSION
In this chapter is discussed the results obtained from the analysis performed at the 
previous chapter. The possible limitations of this study are also presented.
Discussion of the research questions 
Questions 1 & 2
Qi: What is the amount of use on the Hellroaring, Specimen Ridge and Slough 
Creek trails?
Qz: What is the effectiveness of mechanical counters for estimating the 
amount of use?
The first quick look at the data obtained by the mechanical counters reveals that 
there are two defined sets of data that should be analyzed independently: when “t/iere is 
nobody” and when “there are people ” using the trail. Table 3 shows a long period of no 
activity or use of the trail during which both, mechanical counters and visual observations 
agree in counting no people (95 % aprox. over the total amount of counts). This is an 
initial approximation, because it is not known yet how the other data correlates, but at first 
sight it could be said that mechanical counters did a good job estimating when the trail 
was unused. The managerial consequences of this finding are exposed in chapter 5.
Correlation coefficients were calculated for the rest of the data (when mechanical 
counters and/or visual observations did register a count). These coefficients were
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calculated for each unit and using different sample periods (table 4). This first analysis 
shows that the performance of the mechanical counters depends highly on the period of 
time taken when sampling. In general, correlation decreases along with the sampling 
period selected. Smaller sample periods produce smaller correlations. That is due to the 
kind of phenomena that is being studied. If the interval of time is too small, the 
phenomena under study, in this case amount of use, cannot be captured. Other reasons 
why the mechanical counters did not do a good job in short time samples are related to a 
methodology bias already explained in Chapter III.
Figure 1 shows that, there is a drop in correlation when going from 1 hour to 30 
minute sampling periods. From 30 minutes on, the time interval is too small to estimate 
the amount of use. For this reason only intervals 1 hour and 4 hours were taken into 
account to determine how well the mechanical counters performed.
The next step was to plot the data and to obtain the regression equations of each unit 
at the two selected sample periods. A test for a simultaneus confidence region for all the 
parameters in the equations was also conducted. This test revealed that the data from the 
mechanical counters and visual observation are not perfectly correlated. A The 
examination of the data plots show a regular distribution of the data along the count 
period. This indicates that there are no distinct subgroups in the data, which it leads us to 
conclude that there are no differences between counts obtained on different days. There is 
also no difference between weekdays and weekend counts. This could be due to the 
distance of Yellowstone National Park from any big populated place, as well as the fame 
that precedes the park, thereby turning it into a popular destination for summer vacations. 
So, there is no need for the sampling plan of the observation phase to incorporate 
stratification by time periods. The scatterplots (Figures 2 and 3) give an approximate idea
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about the trail-use range. The counters placed at the beginning of the trails (unit 5) 
showed a higher range of counts (with a maximum of 21 counts per hour) than the 
counters placed further along the trail (units 2 and 6 register a maximum of 16 and 15 
counts per hour respectively). Based on the results obtained by the counters set at Slough 
Creek trail (units 5 and 6), 6 out of 10 visitors that started the hike made it to the second 
unit (this is just an approximate value). On the other hand, observing their range counts, 
it seems that both trails (Hellroaring and Slough Creek) have approximately the same rate 
of use.
Because the intercept is nonzero in any of the cases, there is an inherent bias 
between the two methods (tables 5 and 6). Mechanical counters are underestimating the 
count obtained by visual observations by about 1 individual. Besides unit 6, this unit 
underestimates the count obtained by visual observations by about 2 individuals for a 4 
hour sample period.
With the exception of unit 4, all the units have a regression slope of less than 1, 
meaning that the actual number of visitors will be overestimated by the mechanical 
counter data. Unit 4 tends to underestimate the actual number of visitors. The ratio 
estimator “r” (mean value of visual observations/mean value of mechanical counters) 
gives us a crude estimate of the amount of bias. As an example, for unit 2 and for a 
sample period of 1 hour, 88 percent of counts registered by the mechanical counter could 
be attributed to visitor traffic, with the remaining 12 percent due to other causes.
A visual inspection of the data lead us to think that both methods (MC and VO) appear to 
agree. All the figures show a fairly strong relationship between both methods. All the 
units show high values and F ratios during both sample periods. A high value 
suggests that a straight line is a good approximation of the relationship between the two
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variables. All are strong relationships and we can conclude that by knowing the count 
using mechanical counters, we can predict with good accuracy what the visual 
observations would be.
The confidence intervals calculated for unit and sample period (Tables 7 and 8) 
show that mechanical counters can be fairly precise when calculating rate of use: under a 
95% confidence the with of confidence interval is 1.33 visitors and 4.82 visitors, for one 
hour and 4 hour sample period respectively. The with of the confidence interval increases 
when we estimate the total amount of visitors for the season. For example, for unit six it 
goes from 933 visitors for a 70% confidence interval to ± 1824 visitors for a 95% 
confidence interval, both based on a sampling period of one hour. The results will vary 
depending on the desired confidence level..
Question 3a
Qsa: What is the general profile of the day-hiker at Hellroaring trailhead.
From Tables 11,12 and 13, the profile of the day-hiker at Hellroaring trail gather the 
following characteristics: men between 31 and 45 years old; the party size is usually two 
people most likely friends or family; hikers travel mainly by foot; and generally, the 
primary activities in Hellroaring are fishing and taking pictures.
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Question 4a
Q4a: Does the general profile of the day-hiker change depending on the distance 
covered along Hellroaring trail?
The profile of the day-hiker that hikes up to 1 mile into the wilderness at Hellroaring 
trail gather the following characteristics: man or woman most likely between 31 and 45 
years old; the party size is usually two people most likely fiiends or family; hikers travel 
mainly by foot; and generally, hikers carry a camera or a pair of binoculars.
The profile of the day-hiker that hikes up to 2 miles into the wilderness at 
Hellroaring trail gather the following characteristics: boy (15 years old or less); the party 
size is usually 2-3 people, most likely fiiends or family; hikers travel mainly by foot; and 
generally, hikers carry a camera or a fishing pool as a second option.
The profile of the day-hiker that hikes more than 2 miles into the wilderness at 
Hellroaring trail gather the following characteristics: men between 16 and 30 years old; 
the party size is usually 2-3 people, most likely fiiends or family; hikers travel mainly by 
foot; and generally, hikers carry a fishing pool or a camera as a second option.
It seems that there are no differences in groups of age depending on distance 
covered. The 31-45 generally predominates at all distances, followed closely by the 
youngest groups (the 16-30 group and the "under 16” group). Just the group “over 55”, 
although being the least numerous group in all the distances, seems to grow with 
increased distance. Age and distance seem to be inversely related. The percentage of 
fishermen seems to increase the further people hike into the wilderness, and the average 
speed shows a slight increase when the distance is bigger. The number of fishermen and 
average speed seem to be directly related with distance.
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Question 5a
Qsa: What is the percentage of day-hikers that stay on the official trails marked by 
the Park Service at Hellroaring trail? What is their profile? And the profile of the ones that 
do not stay? It is GIS and GPS technology accurate enough to capture this phenomena?
There seems to be no difference with age among the hikers who stayed on the trail 
and those ones who left it. Looking at table 19, it seems that hikers who stayed on the 
trail, on average, hiked faster than the ones that hiked on non marked trails. That could be 
due to the better conditions on trail which makes the hike faster. However, as stated 
before, there is not enough data to make a strong statement. The number of fishermen is 
higher among those hikers that step off trail. This is logical, as fishermen need leave the 
trail and to follow the river to catch fish. The number of cameras seems to be smaller 
among those who left the trail, but this statement is very reftitable. Unlike fishing poles, 
equipment like cameras and binoculars are small and easy to hide into pockets or 
backpacks. Because no survey was handed out to the visitors, the researcher did not have 
any other way to observe equipment other than visually, there is a possible source of error.
When studying the percentage of hikers that stayed on or off the trail by distance 
covered, some differences are found. Table 21 shows that 92.5 percent of the people that 
only hiked one mile stayed on the trail. This proportion decreases when the distance 
covered increases. Even applying smaller buffers, 200 and 210 yards wide, the number of 
hikers that do not leave the trail is still considerable (80.5% and 87.8% respectively). For 
longer distances (2 and more than two miles) the number of hikers that leave the trail is 
very high (41.7% and 85.3% respectively).
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Table 21 gives also an idea of what would be a good buffer size to capture the 
phenomena under study. In the case of Hellroaring, it appears that the drops from buffer 
to buffer are different depending on what part of the trail is under study. For the group 
that hiked just one mile and the group that hiked more than two miles, there appears to be 
a big drop in percentage of captured routes when passing from the third to the second 
buffer. That would suggest that, to study the number of people that step off the trail, the 
buffer had to be minimum 200 yards wide. On the other hand, for the group that hiked up 
to 2 miles, a large big drop in captured routes occurs when passing from the fourth to the 
third buffer. That would suggest that, to study the number of people that step off the trail 
the buffer had to be minimum 210 yards wide.
Question 3b
Qsb: What is the general profile of the day-hiker at Slough Creek trailhead.
From Tables 22, 12, and 13, the profile of the day-hiker at Slough Creek trail gather 
the following characteristics: men between 31 and 45 years old; the party size is usually 
two people most likely friends or family; hikers travel mainly by foot; and generally, the 
primary activity in Slough Creek is fishing.
Question 4b
Q4b: Does the general profile of the day-hiker change depending on the distance 
covered along Slough Creek trail?
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The profile of the day-hiker that hikes up to the first meadow (1.6 miles aprox.) at 
Slough Creek trail gather the following eharacteristies: a boy (15 years or less); the party 
size is usually 2-3 people which are most likely to be friends or family; hikers travel 
mainly by foot; and generally, hikers wear a camera or carry a fishing pole.
The profile of the day-hiker that hikes up to the second meadow (4.2 miles aprox.) at 
Slough Creek trail gather the following characteristics: man between 16 and 30 years old; 
the party size is usually 2-3 people which are most likely to be friends or family; hikers 
travel mainly by foot; and generally, the main activity in the second meadow is fishing.
The profile of the day-hiker that hikes beyond the second meadow (more than 4.2 
miles) at Slough Creek trail gather the following characteristics: man between 46 and 55 
years old; the party size is usually 2-3 people which are most likely to be friends or 
family; hikers travel mainly by foot; and generally, the main activity beyond the second 
meadow is fishing.
It seems that age range and distance are directly related. Although the 31-45 group 
appears to be the one that stands out at the first and second meadows, an increase of age 
range occurs at the third meadow. At the third meadow the 45-55 years old group 
becomes the largest one. But this increase in age is not isolated for an age range but in 
general for all the age ranges. At the 3"̂** meadow, the “over 55” not only becomes the 2"̂  
or 3"̂** in importance, but the “under 16” group goes from being one of the most important 
groups at the first meadow to be the least represented group at the 3̂  ̂ meadow (even 
reaching 0 in the case of females).
The average speed seems to increase from the 1®* to the 2"'' and 3"̂  ̂meadow but 
there is not enough data to see if this difference is statistically significant. It also seems
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that the group size is larger in the first meadow than in the second and third but again, 
there is not enough data to confirm this with a statistical analysis.
Fishing increases greatly with the distance, the further the hikers go the greater the 
probability that they will be fishing. On the other hand, the number of cameras seem to 
decrease as the hikers go further, but as stated before this argument is very refutable.
Question 5b
Qsb: What is the percentage of day-hikers that stay on the official trails marked by 
the Park Service at Slough Creek trail? What is the profile of the hiker that stays on the 
trail? And the profile of the one that does not? It is GIS and GPS technology accurate 
enough to capture this phenomena?
There seems to be no difference in age among the hikers who stayed on the trails 
and those ones who left it. However, within the “under 16” group, it appears that more 
people stayed on the trail than left it. Also, in general the average party number seems to 
be bigger in those groups that left the trail. The number of fishermen is considerably 
higher among those hikers that step off trail. This is logical, as fishermen have leave the 
trail and follow the river to catch fish. This time, the number of binoculars seems to be 
smaller among those who left the trail, but this statement is very refutable.
When we study the percentage of hikers that stayed on or off the trail depending on 
distance covered, some differences are found. Table 21 shows that the 92.3 percent of the 
people that hiked just until the first meadow stayed on the trail. The proportion decreases
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when the distance increases. Even applying smaller buffers, 200 and 210 yards wide, the 
number of hikers that do not leave the trail is still considerable (84.6% and 87.2% 
respectively). A big drop in percentage of hikers happens when people hikes from the 
first to the second meadow. This could be the fishermen that leave the trail as soon as 
they get to the river to catch fish. At any rate, finding the reasons why people leave the 
trail are beyond the limits of this study.
The last issue to discuss is about the minimum buffer dimension acceptable to 
capture the phenomena under study. In the case of Slough Creek, it appears that a big 
drop in percentage of routes captured happens when passing from the third to the second 
buffer (Table 21). That would suggest that to study the number of people that step off the 
trail the buffer has to be minimum 200 yards wide.
Limitations of this study
The research contained in this study was limited by different factors. There are 
three sources of bias that can cause mechanical counters to work differently:
1) Mechanical bias. Mechanical bias refers to whether the counters worked or not. Each 
of the counters was checked twice right after their calibration; all of them worked.
2) Internal bias. Internal bias refers to whether the counters measured the actual number 
of visitors. There are several external factors that cause erroneous counts. Horses and 
wagons are common means of transportation at these trails, specially at Slough Creek. 
These facts result in overestimated numbers of visitors.
Another source of bias was the visitors themselves. If people were walking side 
by side, the counter would be unable to differentiate between the hikers. It was also
6 8
observed that whenever a visitor found a counter, they played with it, which caused the 
counters to descalibrate or mislead readings, or both.
3) Methodology bias. This type of bias refers to the inaccuracies produced by the 
employed methodology itself. In order to not be seen by visitors, the researcher hid at a 
certain distance from the counters during the calibration period. Due to this fact and the 
presence of vegetation as well, the visual contact with the counter in some cases was not 
possible. The researcher knew how many hikers went/passed through/by the counter but 
not what they did once they were next to the counters. The hikers could stop for some 
time in the beam’s way, or go back without being noticed by the researcher. It has to be 
said that the researcher’s objective during the calibration period was to find out how many 
people hiked through the counters, so if visual contact could be maintained all the time, 
the data from visual observation and mechanical counters would be the same.
Regarding GPS units, the research was limited by the following factors;
- the low number of units at the beginning of the study could cause some bias 
towards the early hikers.
- some of the GPS units used in the study were pretty old so the level of precision 
achieved varied among units.
- due to the low sample size, the results obtained are simply exploratory. Larger 
sample sizes would be necessary in order to confirm the findings of this study.
The next chapter explains the different kinds of analysis performed according to the 
type of data collected. The results obtained from these analyses are presented along with 
the corresponding discussion.
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The last chapter of this study summarizes the final conclusions and findings 
obtained through the discussion performed in this chapter. It ends up talking about the 
fixture research needs regarding the field of day-use.
70
-CHAPTER FIV E- 
CONCLUSIONS
The purpose of this study, as mentioned in Chapter I, was to gain descriptive 
information about the amount, type and distribution of day use in the Tower Ranger 
District of Yellowstone National Park. It was hoped that this information would be usefiill 
to assess various protocols for monitoring day use. The research conducted in this thesis 
was considered exploratory and the possible outcomes were not previously known.
In addressing the objectives of the study, one will find that the purpose has been fulfilled, 
not only gaining knowledge about the day use at the Tower Ranger District, but also some 
important findings regarding monitoring systems and technologies.
The first finding regarding trail counters it is the fact that they worked pretty well 
when nobody was using the trail. From the same results, it can be stated that wildlife was 
not a big problem on these trails during the day. This can be useful under a managerial 
perspective, when the obtaining of the amount of use is not the objective, but whether 
there is any use. This could be useful for managers to check whether or not some trails 
marked are being used or whether people are using non marked trails. Another use could 
be to know whether or not people are likely to comply with trail closures. When the 
counter makes a reading the day and time are also registered, these data can be studied in 
order to know when this trails are used and if there is any repetitive pattern. For all these 
cases mechanical counters would not only be good, but also a cheap and useful method to 
use.
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Mechanical counters, when well set up, were fairly precise in counting people, 
assuming people did not disturb them. But in order to get good accuracy, the periods of 
time needed had to be a minimum of an hour. In other words, if what one is looking for is 
to study the amount of people in very short periods of time (1 minutes, 5 minutes), 
mechanical counters are not a good method to use because the accuracy obtained is very 
low. However, if what one wants is the number of people in a more expanded time period 
(days, season), which would be more interesting under a managerial perspective, then 
mechanical counters are a good method that offers high level of accuracy.
This study also attempts to contribute to the present literature with some 
commentary to take into account when setting up a mechanical counter. These comments 
are exposed in the next section of this chapter.
The use of GPS technology when combined with GIS has been found to be a very 
useful and powerfiil tool with multiple uses for recreation management. As discussed in 
Chapter 11, GIS technology can be applied in a variety of fields and has many potential 
uses (Maguire and others 1991).
Thanks to GIS, GPS, and the use of visual observations, it was possible to get 
specific information about day use at Hellroaring and Slough Creek trails. First, it was 
possible to describe a general profile of the day use hiker at each of the selected trails. 
Some of the characteristics founded about the day-hiker profile fit in the typical day hiker 
described by Manning and others (1999).
A second finding refers to how this profile changes along with the distance. This is done 
by classifying people in order of how far they made it and later studying the 
characteristics of the hikers that felt into each group. It was discovered that there seems to 
be different profiles of day hikers depending on the distance covered. The differences
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found were in range of age, speed, party size and activity. Thanks to these technologies 
rangers can perform better estimations about not only how far day hikers go, but just who 
is hiking and what the primary activities are those areas. The older groups of population 
are becoming a more important part of the structure of the American society. Rangers can 
use the information obtained by these technologies in order to be prepared for this future 
demand. Knowing their preferences, future scenarios can be described so managerial 
decisions can be discussed and prepared in advance.
The use of buffers brought some interesting findings about day use at Hellroaring 
and Slough Creek trails. First, due to the low percentages obtained of people staying on 
the trail, it was thought that the technology was not yet good enough to calculate the 
percentage of people that leave the trail. But once the study was carried out 
independently at each part of the trail, it was found that the majority of people stayed on 
the trail for short distances (up to 1-1.5 miles). The study revealed that the technologies 
made less error than was first thought, and maybe the number of hikers that leave the 
trails is in fact higher than what was expected. It was also found that the number of hikers 
leaving the trail was larger among those who hiked further. This increment seems to be 
greater at Slough Creek than Hellroaring; the hikers leave the trails sooner. At any rate, 
this is just an estimation, not a statement. There is not enough data to evaluate whether 
the difference is statistically significant. It seems too that there are some differences in 
the hikers’ profile with regard to activity and group size, depending on whether they stay 
on the trail or not.
There are several managerial repercussions of these findings. First, managers can 
see not only what trails are not in use, but also what are the new trails used created by 
hikers. Knowing where do people go (how far and what trails do they use), managers as
73
well can give better advice to hikers, as for example where to go in order to not get a lot 
of encounters. They can also check why some trails are not in use (lack of signs, 
maintenance, etc.)
Second, managers can see where people usually leave the trail, so managerial actions can 
be taken if needed. New highly used areas that may be in need of managerial action can 
be revealed through the observation of people living the trail’s routes. The next step in 
these findings would be to study the reasons why people leave the trails: lack of signs, 
existence of special features not accessible from the trail or simply a spirit of adventure/ 
looking for solitude opportunities.
Global Position Systems (GPS) and Geographic Information Systems (GIS) are 
good monitoring technologies to asses whether managerial decisions regarding day user 
distribution are indeed working or not. Thanks to these technologies, managers can see 
exactly where the problem is, so the consequent management decisions can be evaluated 
more accurately, focusing on where the problem exists.
Nowadays the level of accuracy reached by these technologies is very high but to get 
these levels of accuracy can be pricey. Right now the GPS capable of gaining very 
accurate measures are not affordable for all budgets. The high cost of these technologies 
are an impediment to the spread of their use. But, with the fast development of the 
technological world in general, prices are going down, so eventually price will no longer 
be an excuse for their lack of use in the near future.
Due to their relatively low cost, mechanical counters could be set up next summer to 
see whether the number of people using the trail has changed. Regarding GPS & GIS
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analysis, it would be interesting to repeat it in 5 years to see if there has been any changes 
in the hikers’ profile. Anyways it is hard to decide how often to monitor. When it comes 
to design a monitoring plan, managers can use the following premisas/questions in order 
to decide how often monitoring should be done:
- how quickly are the monitored parameters changing
- how close are the monitored parameters the standards
- there is something/factor under threat that needs to be protected.
Mechanical counters accuracy
Although in the set up all the recommendations made by Watson were followed, one 
issue that greatly influenced the use of mechanical counters in this study was their 
extremely difficult installation and calibration. What follows are some other aspects that 
appeared to be important when setting a mechanical counter:
1) Both the receiver and the transmitter must be aligned for the system to give 
reliable results. That implies that, the reception of the signal by the receiver must be a 
perfect blink in order to avoid getting empty counts that drive to error. That is not easy 
when the distance between them is over 50 feed.
2) The manufacturer ensures the mechanical counters can work up to a distance 
fi’om each other of 90 feet. In this study, no successful calibration was obtain for 
distances over 70 feed.
3) The counters used in this study (TrailMaster®) are big devices, which made 
them difficult to conceal. People find them easily, and once they find one, they do not 
stop until they find out how they work. If, by the time they are done with the unit, they
75
have not touched it causing its descalibration, they have already played with it walking 
back and forth the beam causing misleading counts.
4) The researcher can not always count that she or he is going to find trees both 
sides of the trail.
5) The trees need certain characteristics:
- trees should not be twisted or inclined, and if at all possible they should be the same 
height. Once the counter is attached to a tree it holds the angle that the tree has. This 
angle can be changed adding small sticks or other materials but this makes the 
calibrations extremely challenging.
- the trees’ diameter cannot be too small or too big. Trees with small diameters are 
easily shaken by wind or other meteorological agents, which causes misleading 
counts. However, the trees’ diameter has to be small enough to be enclosed by the 
counter’s straps.
The researcher has to play with a delicate balance: she/he has to set the receiver and 
the receptor not too far for making possible a proper calihration but not too close for to be 
easily found by the visitors. Furthermore, at the desired distance, there has to be trees at 
both sides of the trail, and if it is possible, straight, at the same height, and with a diameter 
neither too big nor too small.
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Future Research Needs
Because this research is exploratory by nature, the need for future research is clear. 
Regarding mechanical counters, studies research is needed to study the different levels of 
accuracy achieved by different types of mechanical counters: photoelectric, seismic or 
loop-type (Watson and others 2000). This study should be integrated in a monitoring plan 
in order to take into account all the benefits and disadvantages of each counter.
Regarding the use of GPS and GIS technologies, more studies with bigger sample 
sizes are needed to establish comparisons among trails. This could help managers to find 
out the reasons why some trails deteriorate faster than others. Knowing were exactly 
people go, it would be interesting to study new trails created for hikers. As it has been 
found in this study, the percentage of hikers that leave the trails is very high, therefore it 
would be very useful for managers to know the reasons why people leave the trails.
More studies are needed regarding the level of precision and accuracy one can get 
using GPS and GIS technologies when applied to the recreational field. Future studies 
could include overnight hikers and/or a survey in order to link personal and spatial 
information. These technologies can be also used to calculate encounter levels. 
Nowadays, there is another emerging technology called recreation simulation modeling 
(RSM) that uses GPS information to recreate the operation of a real-world process or 
system over time. Simulation models can potentially be a tool in park and wilderness 
management because recreation use patterns are often complex and dispersed over both 
space and time (Itami in prep.). The cost of such simulation models is not affordable yet, 
but just as for the other technologies it is becoming less expensive.
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APPENDIX I 
MAPS
(Maps located4it the pocket located at the back on this very folder)^
Map 1.- Tower Ranger District (Yellowstone National Park)
Map 2.- Location and Position of mechanical counters of Hellroaring, Slough Creek and 
Specimen Ridge trail 
Map 3.- Day-routes collected at Hellroaring trail (summer 2004)
Map 4 - Day-routes collected at Slough Creek trail (summer 2004)
Map 5.- Distance zones Hellroaring trail 1 & 2 miles hike polygons 
Map 6.- Distance zones Slough Creek trail first & second meadow polygons 
Map 7.- Trail buffers at Hellroaring trail 
Map 8.- Trail buffers at Slough Creek trail
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APPENDIX II 
FORMS
8 8
GPS UNITS FORM
Dear Yellowstone visitor,
Thank you for participating in this Visitor Use Study being conducted by The University of Montana, Department of Society and 
Conservation. We will use the GPs data collected while on your route to build a computer simulation model of use levels in this area of 
the park. This information will help managers understand the level of day use that is occurring in the Hellroaring area.
The information provided by participants on this form is strictly confidential. It will only be used for recovering the GPS units, in case 
participants are for whatever reason not able to return them to the researcher. The information provided by participants will be 
discarded upon return of the GPS unit. Please contact Dr. Wayne A. Freimund (406) 243-5184 at the University of Montana with any 
questions or comments on this project. Thanks again for your assistance.
Name Address Phone Number License Plate # Signature
*Form 2
WILDERNESS AREA
VISUAL OBSERVATION DATA SHEET
Date
Weather
Sample time
Location___
Observer
Group
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16 
17
Age (approx.)
Group Exit/ Overnight Mode of Type of Special <= 17- 31- 46- Over
size Time Enter^ or day use'’ travef Group Equipment 16 30 45 55 55
* Modified from Watson and others 2000
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al= Exit, 2 = Enter
bO = Unsure, 1 = Day use, 2 = Overnight
cl = Foot travel, 2 = Horse, 3= Horse with packstock 4 = Hike with packstock.
Observations:
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APPENDIX III 
SAMPLE PLAN
This is the sample plan followed for the data collection during the summer 2004. 
The red numbers refer to the sampling times. The green letters refers to both:
trails were the visual observations or the handing out o f GPS, took place 
order in which the mechanical counters were observed.
LEGEND
Sample times
Sc ledule
1 7:00 am -  11 00 am 12:00 pm -  4:00 pm
2 7:00 am -  11 00 am 5:00 pm -  9:00 pm
3 12:00 pm -  4 00 pm 5:00 pm -  9:00 pm
Codes for the trails were visual observations or handing out GPS took place
Routes
A, D Hellroaring Visual Observation
B, E Specimen Ridge Visual Observation
C, F Slough Creek Visual Observation
HR Handing GPS out at Hellroaring Trail
sc Handing GPS out at Slough Creek Trail
Order in which the mechanical counters were observed
Mechanical counters*
A 1 2
B 3 4
C 5 6
I) 2 1
K 4 3
1 6 5
"See map 2
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CALENDAR
l i MAY
M T W H F S S
25 26 27 28
2 B
29 30
31
1 c
JUNE
M T w H F S S
1
2 D
2
3 B
3
1 c
4
1 C
5
3 E
6
1 F
1 8 9
2 B
10
3 D
11 12 13
3 E
14
1 D
15
2 D
16
3 C
17
1 C'
18
1 A
19
3 A
20
1 C
21
3 F
22
3 A
23
s c
24 25
HR
26
HR
27
3 F
28
s c
29
sc
30
HR
JULY
M T W H F S 5
1
1 C
2
HR
3 4
5
HR
6
SC
7
3 C
8 9 10
3 C
11
HR
12
SC
13
SC
14
HR
15
3 F
16 17 18
HR
19 20
1 F
21
HR
22
SC
23
3 C
24
1 A
25
26 27 28 29 30 31
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AUGUST
M T W H F 5 5
1
2 3 4 5 6 7 8
9 1 0 11 12 13 14 15
16 17 18
2 B
18
3 E
2 0
HR
21
SC
2 2
SC
23
HR
24
SC
25
tIR
26
SC
27
SC
28
HR
29
HR
30 31
SEPTEM BElR
M T W H F 5 S
1 2 3
HR
4
SC
5
3 D
LEGEND
Days off
Holidays
As a mode of example, in July 15'*’, the visual observation period was carried out at 
Slough Creek Trail. Unit 6 was observed from 12:00 pm -  4:00 pm and Unit 5 was 
observed from 5:00 pm -  9:00 pm. In July 21", GPS units were handed out at Hellroaring 
Trail.
A PPE N D IX  IV  
D E F IN IT IO N  O F  TE R M S
Due to the different nature of the data collected, it is necessary to introduce a section 
that explains not only the types of data collected but also some of the terms that appear in 
this study. This is necessary in order to get a better understanding of this study, and avoid 
any confusion with the definition that some terms could have in other fields.
In general, visitor use data may be either quantitative (refering to quantity 
information) or categorical (describing some feature or attribute of the object of study). 
Strictly quantitative data are usually compiled in the form of visit counts. Visit counts 
may be recorded as either individual visits or group visits.
Individual visits: total number of single-person visits made by people that enter (or leave) 
a given area during a specified time period without regard for length of stay. Count data 
is reported on a per-area (i.e. trail) and per-time basis (i.e. hours, minutes).
Other types of visitor use data may be a combination of categorical and quantitative 
information. These data describe some feature or attribute of (1) the visit, (2) the visitor, 
or (3) some aggreate feaure of the visit, visitor, or both.
a) visit attribute data (describe relevant characteristics of visits, such as length of 
stay, number of people per group, and activities participated in), and
b) visitor attributes data (describe traits characterizing wilderness visitors, such as 
experience, demographics, and preferences).
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a) The visit attributes data collected in this study are:
- Mode o f travel', method used by the visitor to make their visit. Although a 
few wilderness areas permit motorized terrestrial and water-based transport 
and aircrafts landings, these are rare exceptions (Browning and others 
1989). In general, transport in wilderness areas is nonmechanized. Hiking 
is by far the most common method of wilderness travel. Ski and snowshoe 
travel may be included with hiking (as a form of self-propelled transport), 
or documented in separate categories. In many wilderness areas, other 
forms of nonmotorized transport, such as canoeing, rafting, and horseback 
riding, may approach or exceed hiking. Packstock (for example, horses, 
llamas, and goats) are commonly used in wilderness travel.
Group size: this refers to the number of individuals in a group (or party) of 
visitors; as defined above, a group includes all individuals visiting the 
wilderness as a unit.
Type o f group: this refers whether the services of an outfiter were used on 
the trip or not.
- Activity Participation: types of activities the visitors engage in while 
visiting the area. These are derived from the instruments to perform them 
(e.g. if the tool is a fishing pool, the activity derived is fishing).
Spatial Use Distribution: distribution of use across the area. This is a 
measure of the extent to which it is concentrated on certain trails or 
destinations. The simplest and most commonly recorded information is the 
entry and exit point for each visitor or group. An alternative is 
specification of the primary destination for the trip. Detailed information
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on internal use distribution may be obtained subdividing areas into zones 
and reporting the time spent in each zone by an individual or group; 
alternatively, visitors may provide maps of trip routes with each campsite 
noted. Spatial distribution is reported as area-specific proportion of total 
use. Information on destination may be used to compute the proportion of 
visitors that go to particular destinations within the wilderness.
b) The only visitor attributes data collected in this study refer to sociodemographic
characteristics.
Sociodemographics: variables that describe visitors in terms of age, 
gender, ethnicity, education, occupation, income, or place of residence.
* Other terms used in this study are:
Route: Electronic sequence of intermediate waypoints that contains 
information about points along its path, including time and position.
Blank count: erroneous count made by a mechanical counter. As 
erroneous is understood when a count that does not belong to a visitor is 
registered by the counter. This count can be generated by an animal, an 
object or the same visitor counted more than once.
Calibration: we say that the counter is calibrated when there is a perfect 
constant blinking on the receiver. That means that transmitter and receiver 
are perfectly align, so the mechanical counter is ready to work without the 
risk of making blank counts. We will say that the counter is descalibrated
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when for whatever reason the blinking of the receiver is not perfect. That 
means that transmitter and receiver are not align anymore with the 
consequent risk of obtaining blank counts.
Overnight Stays: one overnight stay is defined as the presence of one 
visitor over one night. The aggregate is the total number of nights spent by 
all individuals in the area.
Observation period: period of time in which the researcher counts how 
many hikers pass by the counter for comparison with the number registered 
by the mechanical counter.
Accuracy: accuracy describes how close an estimate is to a true value 
Precision: precision describes how close several estimates are to each 
other, regardless of how close they are to the true value.
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MAP 1- Tower Ranger District (Yellowstone National Park)
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MAP2- LOCATION AND POSITION OF MECHANICAL COUNTERS OF
HELLROARING, SLOUGH CREEK AND SPECIMEN RIDGE TRAIL
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MAP 4- DAY-ROUTES COLLECTED AT SLOUGH CREEK 
TRAIL (SUMMER 2004)
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MAP 6- DISTANCE ZONES SLOUGH CREEK TRAIL: 
FIRST & SECOND MEADOW POLYGONS
p o s s e
3a® rtiî?'
0 t i - 4 i
m
w
■ 4-^.0
O W s -Ï -0 , N L
'4À0>- "
ir'^
0 0 25 , as t Mites
L  1 r I i I t-'I- -I I I
11% UniN’cnitvofMontana
College o f  F oi^stiy and Conservation
Legeiul
First M e a d o w  
Second M e ad o w
- Slough C reek Trail
MCkiTxciL 6 r.a6A - Lô iÛAttCi
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MAP 8- TRAIL BUFFERS AT SLOUGH CREEK TRAIL
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